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ABSTRACT

A-displacement solution for the calculation of structural influence

coefficients (SIC's) is presented. The formulation utilizes the lumped

parameter approach that is consistent with collocation flutter solutions.

The structure is synthesized as concentrated mass elements connected by

massless elastic plates and/or beams. There are two methods of generating

J the mass matrix; they are: 1) lumped concentrated mass points, 2) consistent

mass matrices. Along with the calculation of the SIC's, the natural

* vibration modes and frequencies are calculated. There are two options

for punching out the flexibility matrix for use in subsequent COFA computer

programs. Option 1, punches out the full flexibility matrix; Option 2,

punches out the reduced flexibility matrix eliminating the rows and columns

pertaining to structural attach points,

A
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1.0 INWRODUCTION

In order to determine the aeroelastic behavior of a wing or control surface,

it is necessary to-know the aerodynamics, elastic properties and mass distribu-

tions of the structure. The overall aeroelastic analysis is usually divided into fouE;

I separate parta as shown in Figure 1.

Mass Stiffness Aerodynamics "

Distribution Distribution Ardaic

Speeds ,

Figure 1. Analysis Procedure

This portion of the report describes the computation of the mass and

stiffness distribution. The geometry of a wing or tail surface is too complex

for the successful use of closed form analytical techniques. Therefore, a

numerical type of analysis must be used. The end product of this analysis is

j the generation of overall influence coefficient and mass matrices referred to

a set of node points arbitrarily picked on the surface of the structure. The

.I finite element method (see Refs. 2 and 3) was used to form the required matrices

for a planar structure. This technique is especially suited to solve complcex

Jstructures and as used in the analysis is general enough to handle the followlng:

1. Combinations of beam and plate elements

2. Arbitrary boundary conditions

3, Lumped or distributed stiffnesses and masses

A discussion of the theory and computer program which calculates the influence

coefficient and the mass matrix as well as the structural modes and frequencies

is given in the following sections.
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2.0 NOMECLATURE I

C Unknown Boundary Constants

D Plate Ridigity Constant

E = Modulus of Elasticity , I
F Force

K Stiffness Coefficients

M = Bending/Torsional Moment

p = Pressure

T = Coordinate Transformation

t = Thickness

w = Linear Displacement in a direction [
x, y, z = Coordinate Axes

s = Linear Displacement

Z. Curvature

= Density

= Stress.1

"7/ = Poioson's Ration

_ = Partial Derivative

[ I = Square Matrix

= Column Matrix

L J = Row Matrix

2



3.0 TECHNICAL DISCUSSION

3.1 Influence Coefficients

f[ The stiffness method approach is first used to obtain an overall stiffness

matrix of the structure. This matrix is reduced by partitioning and then in-

verted to obtain the influence coefficients at any desired set of control points.

The number of control points are denoted by N, At each node, three degrees of

freedom are specified: two rotations and the normal displacement. Therefore,

a stiffness matrix of approximately 3N degrees of freedom is first formed by

superimposing individual plate and plane grid beam element global coordinate

matrices. The matrix will be somewhat smaller than 3N degrees of freedom since

boundary restraint conditions will reduce the size of the matrix, To illustrate

the matrix condensation method used in the computer program, we will assume that

we have N control point normal displacements and M displacements which must be

eliminated. The overall stiffness matrix is given as

! .. KN KN

KJ = (1)

The structural equilibrium matrix equation can be written as

[KF

[K? KMJ{SM}(2)

3
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We now assume that forces at the points to be eliminated are small and can

be neglected. Therefore, I
r NN NA f j (3)j

K4

or K

[K ~]SNI + [KNM]{ SMI [FN}

and [KM fS} [K-,3M o

Therefore

and

(EKNN
and since

we have -MJ L (4)

If we now let [ ,,,,, -( [,4 - L ,,,[,;J' [K,4)-' j
then Equation (4) can be written as

I- ,, * - [ ,,r

The matrix [ Jis called the structural influence coefficient matrix.
The application of loads at the control points yield displacements at the

control points by carrying out the matrix multiplication indicated in

Equation (5).

]
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The computer program FLUENC carries out the required operations to obtain i
the influence coefficient matrix fNNj . A detailed description of the program

can be found in Section 4.0. The program is written to form a 50 x 50 influence

coefficient matrix. The influence coefficient matrix is punched out on cards in

a format compatible with the Collocation Flutter Program. I
The plane grid beam global coordinate stiffness matrix used in the program

was obtained from Reference I and is given in Table 1. the local and global I
coordinate systems are shown in Figure 2. The figure also contains the sign

convention for the six degrees of freedom for each element.

The triangular plate stiffness matrix given in Reference 2 was used in the

computer program. The plate element can be materially or geometrically ortho-

tropic as treated in Reference 3. Stiffened plates can be considered to be J
geometrically orthotropic. The sign convention and nodal degrees of freedom are

shown in Figure 3.

4

z'parallel to z

x', y' - follows principal
axes of material

- angle between x' and I
x axes

2 7

I

9

I
I

Figure 3. Orthotropic Triangular Element
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I Following the analysis given in Reference 2, the deflectin shape of the

plate element is assumed to be of the form

CI C-C C3 #C-0 K Cr ky *C9
| ,~~~ c, ' C8 (zg', K') ,

or

Or~ (6)

The unknown constants CV. C2, -- , C9 can be written in terms of the nodal

displacements S15 f2 , ... S9 by using the boundary conditions

I at
I 

-
o -: / ,

at (7)

I at grVJ) r =3I ,/:..: -S ,

[ Using Equation (6) in conjunction with the boundary conditions given by

Equation (7) yields

f , C ,

1 7
sq?



1 0 0 0 0 0 0 0 0 ]
0 0 1 0 0 0 0 0 0 ii
0 -1 0 0 0 0 0 0 0

1 0 Y2 0 0 y2 0 0 y23

0 0 1 0 0 2y2  0 0 3y2a
where C 0 2 Cy 2 0 - 0

2- 23 Z, 2~+X zy3

1 x3 Y3 x32 x3Y3  Y32 X3 "3Y3-2+3 Y3  Y33

0 0 1 0 X 3  2y3  0 U3 + 32 3y 2

0 -1 0 -2x3  -Y3 0 -3x32  -(y3 +2x3y 3) 0 j

The constant vector {c can be obtained in terms of the nodal displace- I
meits y inverting the matrix CcI] . Therefore,

fc~ c 'S] (9)

The curvatres for a flat plate element are given by

Substituting Equation (6) into Equation (10) yields !

where

0 C" 0 -2 0 0X ," 2r03 0 0 20

L, .- 0 -(4Z +4-Yf 0I

Substituting Equation (9) into Equation (11) yields I

8-



!
If initial strains are neglected, then the moient-curvature relation-

ships can be written in the form

l MX
,(13)

t where

D 0 (14)
D 0 D,I ?1- 57] ,,

for a materially or geometrically orthotropic plate. For an iavtropic plate

j IEquation (14) reduces to

v (15)

The [D I matrix must undergo a transformation if the principal axes of

the material do not coincide with the local coordinate axes, The components

of strain in one coordinate axes system are related to the components of strain

in another coordinate axes system by the matrix equation

Tlie](16)
I

(The prime refers to the componenLs of strain referred
j Lo the x'-y' axes in Figure 3)

where

9
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Since the internal work is constant no matter which coordinate system

is used

{r ' = m €(18)1

or by Equation (13) 1
' e }T 11 {e

and by using Equation (16)

161'[T][D[7-]J~E I= {E- I[D]{E

Therefore [
[D] [T] [D'] [ ] . .

(19)J

The stiffness matrix for a typical element (i' ® (T ) is given by f

[K] ~drj~.(20)
A

or by Equations (12) and (19)

[ ] [ff [Q]r[T] [-0] [T][ d )[C1 / (21)

A

tiow let

T

A

and carrying out the indicated matrix multiplications yields

[D] ff nee /T I )G (22)
A

10
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In order to simplify the integration required for evaluating the matrix

in Equation (22), it is suggested in Reference 2 that the independent variables

be changed as shown in Figure 4.

* .4

(0 ,5) 0) / . = , /'" '

- / '

I Figure 4
Coordinate Transformation

I The relationships

= ~ (23)

are used for the change of variables. The terms in Equation (22) can now

, be evaluated by using the relationship

M / (.%Y") ff Y'q W/

or

ff (24)

J, where

[ J ,9 ) -.. (25)

,I 11i



Substituting Equation (23) into Equation (25) yields

° I '
-T (26)

Substi.tuting Equations (23) and (26) into Equation (24) yields

8 (27)

t o o 15 ell

which can easily be evaluated for any m and n.

3.2 Mass .Matrix

D'Alenbert's principle can be used for the formulation of the mass

matrix. If masses are attached to the nodes of the structure, then the

nodal dynamic forces are I

rI)7 rh~l____281,

where F [I " 1
-- 0 (29,1

is a diagonal matrix. The mass of beam and plate elements are usually dis- I
tributed throughout the structure. Therefore, the distributed pressure

loading can be written in the form .

- -u-tions (30)

SubstiLtuting Equations (6) and (9) into Equation (30) yieldsj

or (30*1

where I-/I
[ ] =[,vi ,:]3

12



Since the equivalent element nodal forces can be comptuted from

the equation

then

~P =f[f[IdvJ{ (33)

Therefore the elemental consistent mass matrix is given by

rerr
f J R [], QiV (34)

The consistent mass matrices given in Reference 2 (see Tables 3 and 4)

are used in the computer program.

Once the elemental consistent mass and/or lumped mass matrices are

computed, then the overall matrix is obtained by following the same technique

as used in assembling the overall stiffness matrix.

The overall mass matrix is reduced by using Equation (3a). We again

assume that we have N control point normal displacements and M displacements

which must be eliminated. The overall mass matrix can be written in the form

[NN M 3 (35)

and the displacements

{:j (36)

13

.1..

L ___



From Equation (3a) we have

j} wKMM] [KmNHSN ' (

Since the virtual work of the reduced mass system must equal the virtual

work of the true mass system

(37)

where

virtual displacements of control pointsI

virtual displacements of complete system

[Mrjj overall redsiced mass matrixI

Equation (37) can be rewritten in the form I

~S3LM,J6Nh1 [AS 1 A M  ]FMJ{N} (381

Substituting Equation (3a) into Equation (38) yields

iAS][j{})AS1 [ - KM[ MY'IMT~KHJ[HJh}Id f-S I $].

which yields the result 1

[M [ J N M [K UV ]~ [[,~ (39)

The reduced mass matrix given by Equation (39) is calculated In the

computer program.

1i
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1 3.3 Modes and Frequencies

Since the design-engineer may find it useful to know the mode shapes

and natural frequencies of the structure, this information can be obtained

by using the NM0DE option in the computer program. If no external forces

are Oresent then the reduced mass and influence coefficient matrices are

related to one another by the relationship

M"If(40)I [fNJ] s4
For determining natural frequencies, the deflections can be

written as

u(41)

Substituting Equation (41) into Equation (40) yields

[f Sol (42)
I [i , ] -{ o} -<..ot[M rj fsoI ° > iI!

The solution of Equation (42) yields the natural frequencies, ( , and

the mode shapes Since [.Jo and [r] are both symmetrical

matrices, the mass m can be triangularized

[M] - [L][L]T(43) 1,

wherei AT, [f .i,=2 B. ,
Li

j Substituting Equation (43) into Equation (42) yields

T,
I. [6,,"ESJ I:<,,L.j [L ]' o 1

!.
1! 15
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It

[LI[fNI ~s4 4 LI &Si (44)

Since J

Equation (44) may be written

T1 S01 7IL17901(44a
I

or 1

where [A] [ L ]"l; fN--[ L ]-

V t [ _] I 1I

An eigenvalue subroutine using the Givens method was used in the

computer program package to solve Equation (45). The Givens method is I"
fully described in Reference 4.

Note that the dynmical matrix [A] in the form described above is real j
and symuetric which is required by the Givens method. Conveniently,

[L] and L are in triangular form which is used in the computer program

package to save core storage space.

16
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I
4.0 PROGRAM DESCRIPTION

5!
Computer program FLUENC written in FORTRAN IV carries out the operations

* set forth in Section 3.0 for generating the structural influence coefficients-

and mass matrices required by the Collocation Flutter Program. Briefly, the

structure is assumed to be representable by a planar network of beams and.

triangular plate elements connected at discrete joints. At each joint,, if

there are no restraints, the program assumes three degrees of freedom; that.

is, one displacement normal to the plane of the structure and two rotations.
The program first synthesizes the stiffness and mass matrices for the entire

structure including all degrees of freedom from the data input for the beam and
triangular plate elements and from the restraint information input for the

I joints. It then reduces the stiffness and mass matrices by eliminating all

the rotational degrees of freedom and leaving only the normal displacements.

As a final step, the program inverts the reduced stiffness matrix to obtain

the influence coefficients.

Other features of the program Include the option to compute lumped masses

I or to compute the consistent mass matrices for the beam and triangular plate

elements or both. Also, the triangular plate elements may have either

J isotropic or orthotropic properties. There is an additional option to expand

the reduced frequency matrix to include the degrees of freedom representing

the restraint joint (one joint on a movable surface; two joints on a fixed

component). This is accomplished by adding one or two zero rows and columns

to the reduced flexibility matrix corresponding to the mass numbers of the

I attach points involved.

In the sections that follow detailed instructions are given for thef preparation of input data and a description is given of the output illustrated

with several sample problems. Also included are listings and flow charts of

the program and a discussion of the processing requirements.

4.1 Description of Program Input

The following instructions describe the input data, their physical units,

and the FORTRAN format they must be punchea with. The input quantities t names,

all in capitals, are their FORTRAN names and, for reference, their equivalent

Inames in Section 3.0 are listed in Appendix D.
4.1.1 Title Card, format (12A6)

Two cards; any alphanumeric statement In columns I to 72.

17
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4.1.2 Problem Size and Control Information, format (715)

Column 1 -5 6 -10 11 -15 16 -20 21-25 26'-30 31 j

Name NJTS NR NBE NPE NMODE MKEY NLUMP|

NJTS = number of joints in structure (50 maximum)

NR = number of joints with one or more restraints

NBE = number of beam elements in structure

NPE = number of triangular plate elements in structure

NMODE = number of eigenvalues and eigenvectors desired (9 maximum)

MKEY = 1. do not compute consistent mass terms for beam and/or
triangular plate elements

= 2. compute consistent mass terms for beam and/or triangular
plate elements

NLUMP = number of lumped masses input. Only lumped masses corres-
ponding to the normal displacement at each joint may be I
input.

4.1.3 Material Propertie.

(a) Number of Materials, format (15)

Column - 5

Name NMAT

NMAT = number of materials for which properties are input (10 max.)

(b) Properties, format (4E10.3)

Input NMAT number of cards, one for each material.

Column 1 -10 11 - 20 21 - 30 31 - 40

Name YM(i) PR(i) GE(i) DENS(i)

YM(i) = Young's modulus of elasticity divided by 106; psi

PR(i) = Poisson's ratio

GE(i) = modulus of rigidity; psi. If input as 0, it will be computed
from the following formula:

YM(i)
GE(i) =

2 [1 + PR(i)]

DENS(i) = material density; lb/in3 . NoL required if MKEY - I

18



I
4.1.4 Joint Coordinate Cards, format (1OX, 2E10.3)

Input NJTS number of cards, one for each joint. Also, the structure

is assumed to lie in the x-y plane.

Column 1 - 10 11 - 20 21 - 30

Name m X(m) Y(m)

m joint number (must be input consecutively starting with 1).

May be placed anywhere between columns 1 and 10

X(m) x coordinate of joint m; inches

Y(m) y coordinate of joint m; inches

U 4.1.5 Joint Restraint Information, format (415)

Input NR number of cards, one for each joint with one or more restraints.

Column 1 - 5 6 - 10 11 - 15 16 - 20

Name JT Ml M2 M3I
JT = number of joint having one or more restraints

Ml = 0 free in the z direction

= i fixed in the z direction

M2 = 0 free to rotate about the x axis

= 1 fixed about the x axis

M3 = 0 free to rotate about the y axis

= i fixed about the y axis

4.1.6 Lumped Masses, format (15, 5X, E1O.3)

Input NLUMP number of cards, one for each lumped mass.

Column 1-_ 6-10 11- 20

Name JMASS blank RSMASSIJ
JMASS = number of joint for which lumped mass is input

MASS = lumped mass, lb.

If more than one lumped mass is input for a particular joint, the

program will sum the masses.

19
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4.1.7 Beam Element Properties, format (3E10.3, 315) 1
Input NBE number of cards, one for each beam element.

Column 1 - 10 11 - 20 21 - 30 31 - 45 36 -40 41- 45

Name AR XI YJ MAT JTNR JTFR

AR a area of beam cross section, in2

XI - moment of inertia of area, in 4  I4i

YJ - effective torsional moment of inertia, in4

MAT = material code corresponding to one of the materials input
under paragraph 4.1.3.

JTNR, JTFR = joint numbers at the ends of the beam element

4.1.8 Triantular Plate Element Properties, format (E10.3, 515)

Input NPE number of cards, one for each triangular plate element.

Column 1 - 10 11 - 15 16- 20 21 - 25 26- 30 31 -35

Name PTH MAT JTI JTZ JT3 NDX- 

PTH = plate thickness, in.
MAT - material code corresponding to one of the materials input I

under paragraph 4.1.3

JTI, JT2, JT3 = joint numbers at the three corners of the triangular J
plate

Restrictions:

a) The order of the joint numbers must be given in a clockwise

manner as follows:

y1

b) The angle formed b the edges of the triangular plate, at
JTI must not be 90

NDX * 0 the plate has isotropic properties and the llexitral righlpi, y
terms are computed from

YM(MAT) x 3 PI
DX DY 12t1 - [PR(AT) j2

DI - PR(MAT)] x DX

20



1 the plate has orthotropic properties and the flexural rigidity
terms are input by the next card [format (4E10.3)]

Column 1 -10 11 -20 21 -30 31 -40 41 -50

Name DX DY DL DXY BETA

DX, DY, Dl, DXY flexural rigidity terms, in.lb.

BETA ang8 e between material principal axes and the triangular plate
loctl coordinates as shown below

Ji Material Principal
Axes

Triangular Plate Local
ptiont Coordinates

4.1.9 Option'to Expand Reduced Flexibility Matrix

Note: The following card (NCOD) is always required at the end of all input

data for any one particular case, whether or NOT the option is to be executed.

FORUAT (116)
Column 1-6

Name NCOD

Ltem (1)

NCOD = 0 Option not executed

= 1 Option executed

If NCOD = 1, the following card is required

FORMAT (318)

Column 1-8 9-16 17-24

Name NR NNE NWO

Item (1) (2) (3)

NR = Number of boundary points used (I or 2)
NNE Mass number of first attach point
NWO Mass number of second attach point, if NR 2
NWO =0 or left blank if NR I

i 21



To input more than one problem, the user need only repeat the cards in

paragraph 4.1.1 through 4.1.8 for each additional problem.

4.2 Description of ProgramOutput

The program prints out all the input data for every problem followed by

the solution consisting of the reduced upper right triangular stiffness

(lb/in), flexibility (in/lb) and weight (lb) matrices as well as the modes and

frequencies when these are requested on the card in paragraph 4.1.2. The

stiffness, flexibility, and mass matrices that are printed/punched out only

contain terms that are associated with the normal displacement "z". This

is done so that when the flexibility matrix is used in subsequent collocation I
flutter analyses only the essential degrees of freedom are included in the

flutter analyses. Also, the matrices are reduced to eliminate control points

associated with fixed points (boundaries). If it is desirable to include the

boundary points, it is only necessary to intersperse rows and columns of zero's

at the proper place in the matrices.. Immediately following the joint restraint

information in the output, the program prints'out the coordinate numbers assigned

by the program to the normal displacements at each unrestrained joint. The

elements in all the reduced output matrices are ordered according to these

coordinate numbers. i
In addition, the program punches out the entire flexibility and weight

matrices row by row with the format (IP6EI2.5) which is compatible with the input

requirements of the Collocation Flutter Program. Each punched matrix is identified

by a little card as the first card.

4.3 Sample Problems

To illustrate the use of program FLUENCE, three sample problems are in- J
cluded in Appendix A. Each sample problem starts with a problem statement and is

followed by a listing of the input data and the output of the program. The flri!s

sample problem is a simply supported uniform beam composed of five b.eiiii fivgm,.1ni I

The second is a uniform cantilever plate divided into 72 trLangular plilt.

elements, and the third is a lumped mass and beam network Im.ulating a mi. II,,

control surface.

2
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4.4 Processing Requirements

Program FLUENCE has been run on the GE-635 computer and it required about

31,000 cells of core storage. It is expected that the program storage require-

J ment will be about the same on other digital computers. In addition to using

the input and output files, 05 and 06, which are standard for the GE-635 computer,

the program requires six other peripheral files, five of which are designated in

the program by the numeric codes 07, 08, 19, 10 and 11, and the sixth is the card

punch file.

There is no general formula for determining the run time required for a problem,

but if a GE-635 computer is used, an estimate may be made from the times required

for the three sample problems in Appendix A, which are as follows:

ISample No. No. of No. of Consistent Lumped No. of Run
Problem of Beam Plate Masses Masses Modes & Freqs Time

No. Joints Elements Elements Computed Input Computed .Hr.

1 6 5 0 Yes No 4 0.0015

2 50 0 72 Yes No 9 0.0691

3 29 45 0 No Yes 9 0.0161

4.5 Program Listing and Flow Chart

In the event future changes are needed in the program, a listing of the program

is included in Appendix B. The program consists of a MAIN deck, 24 subroutines and

one function subprogram. MAIN has the function of reading in data, numbering the

coordinates (subroutine C00RDN), generating the codes for assembling the stiffness

and weight matrices and calling the subroutines which develop the stiffness and mass

terms for the beam and triangular plate elements. When the entire stiffness and

weight matrices have been established for the whole structure, the MAIN program calls

a subroutine which reduces these matrices as discussed before and determInes 1.11t

modes and frequencies as well.

The 24 subroutines and one function subprogram can be divided conveniently into,

five groups according to their function. The first group consists of those rout.inen

that develop the beam stiffness terms; these are TRANS and BEAMK. The second group

consists of the routines which determine the beam mass terms; these are TRANS and

BEAMM. The third group develops the triangular plate stiffness terms and these are

PLATEK, CMAT, MINV, I)INMAT, MATMPY, DMAT, DBLLNT and PLYMP. The fourth group deter-

mines the triangular plate mass terms and these consist of PLATEM, CMAT, MINV; DINMTM,

MATMPY, DBLINT and PLYMP. The fifth group'of subroutines reduces the sti.ffness and

23



and mass matrices, finds the eigenvalues and eigenvectors and outputs the solution.

This group is comprised of EIGEN, VIVID, ZROMAK, ZROMAM, SYMINV, EIGMAT, BIGMAT,

L00P1, L00P2, L00P3 and LOOP4.

Since the program listing is annotated extensively with comment statements,

no further explanatory remarks are given here for the program. However, to faci-

litate the understanding of the interrelationshIps among the many subroutines, a

flow chart of the entire FLUENC program is included in Appendix C.

I

I

I
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8n!d a Probles No.

Simply Supported Beam

I

3 _ _

Ex 10 6psi

-V 0.33

- 0.012 lb/in3

A - 100 in2

I a 2 in4

[J - 4 in4

Cnlculatft fi rst five vibration modes and frequencies using~ the consisntent

mass matrix option.
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SAM1PLE PROBLEM0 NO. la

Simply Supported Bean

Identical to Sample Problem 1 with the addition of lumped mass

input at joint 3 and 4.

Program Output
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Samle Prgobkgm No. 2

Cantilever Plate

#A

E~ ~ 3 30 s

- 0.

a0.283 lb/in3

t u0.1 in.
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Listing of.Input Data Cards

(ANTIIEV-R PLAIF WITH 90 JOINTS
AIJUI ST 1,6i

911, L (I 7? 9 2 1
9 0

0.
0 . I,

• O. . 55 II. |

7 1

9 ./5

24 /C)

11 . ) .2
If . 45 .5 ,

1 .4

lA ./5 .,
1 . ,
t/lt .1/5 1 . 4

1. .
1, . .2

24 1. .1
1. 1.

1 . ? I1.
1. I.? .2;'

44 1 .P2 .
' 1 .? .15

1nI.? I •
a11.4 . I)

C', 1.4 .25
1. I,4 .• ,/4

. h1 .4 I.

1.42

it, l.6 1.

4 1.6

1( I.6 1.

41 A.1 0.
'4 3 1.8 .25

1.8

44 4.82
.1" 1 .8 1 .
4A' ?.fl f'.1

42



'II ?. IJ

+' , 1 62 1 .

1 I 6 7 12 .

t.1 1 ) 4 12

0.1I 1 2 8 16

H. 9 4 16
1.1 3 9 18

0.41 1 .9 4

S.1 3 14 /9 18

. 1 14 15 2 u

. 1 b L7 22
. 1 0 3 22

f ,.I 1 7 la 1

11.1 1 ' 9 4

19 15 24

J n~i ~? ~8 27

0j.1 1 93 9 ?I

1.1 ] 1 ) /4 29
91.1 1 1' J 29

I.I 1 '4 "R I

I.I Ir, 1 18

0.1 1 ' 6 :34 2

0.1 1 24~s4 3 3

.1 43



11 ?9 48 4

I. 1 1 3 .iQ 35 !
f .i . 1 /7 ,6

fla t • S4 45 .,U

1 16 17 41

0.1 8 414 4.3
".11 1 .8 44

.1 19 ,$5 44
.1 1 9. .10 45

Q1.1 1 41 47 46 !
11.1 1 41 42 47
0.1 1 4? 48 47

.11 4.1 49 8
0.1 1 4 3 44 49
I.1 1 44 '.,( 49 [

1 44 qb fJ

44
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Sftle Problem No. 3

Missile Control Surface Model

(Modeled with be"u elem~ents and lumped weights)

Find first five natural uod~s -azu freuecies.

zo

x

Note: Joint 11 is restrained from rotating about y

63



Lumped Masses

Joint No. Mass

1 0.050
Z 0.110
3 0.115
4 0.125
5 0.196
6 0.155
7 0.305
8 0.305
9 0.305

10 0.165
11 0.060
12 0.165
13 0.005
14 0.183
15 0.3Z5
16 0.310
17 0.280
18 0. 140
19 0.062
20 0. 078
21 0.078
22 0.078
23 0.080
24 0. 033
25 0.051
26 0.051
27 0.05!
28 0.04Z
29 09 050
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Beam Element Properties

"" Moment-of-Inertia -Torsional
Member Area Constant

i-j inch-________

1-2 - 0.0009 0.0055
2-3 0.0009 0.0055
3-4 0.0009 0.0055
4-5 0.0018 0.0055
6-7 0.0164 0.0300
7-8 0.0164 0-.0300
8-9 0. 0164 0. 0300
9-12 0.0164 0.0300
12-13 0. 0160 0. 030014-15 0. 0147 

0.0280
15-16 

0. 0147 
O. 0280

16-17 0.0147 0. 0280
17-18 0.0147 0.0280
19-20 0.0053 0.0010
20-21 0.0053 0.0010
21-22 0,0053 0.0010
22-23 p.0053 0.0010
24-25 0.0031 0.0006
25-26 0.0031 0.0006
26-27 0. 0031 0. 0006
27-28 0.0031 .0006
1-6 0.0013 0.0026
2-7 0.0027 0.0054
3-8 0. 0027 0. 0054
4-9 0.0027 0. 0054
5 ,10 _ O. 02 0,-0029
6-12 0.0503 0.1000
12-14 0.0503 0.1000
7-13 0.0255 0.0510
13-15 0.0255 0.0510

.8-16 0380 0.0750
9-17 0.0380 0.0750
10-18 0. 0377 0. 0750
14-19 0. 0017 0. 0034
15-20 0.0035 .0.0070

16-21 .00390.0070
17-22 0.0035 0.0070
18-23 0.0017 0.0029
11-12 100.0000 0.0100
11-29 0.3200 0.0790
19-ZT- 6 017. 0030
20-25 0.0017 0.0030
21-26 0.0035 0.6070
22-27 0. 0035 0. 0070
23-28 0. 0017 0. 0029

E - 3 x 107 pal

"Y - 0.3
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Listia of Input Data Cards

MISSILE .ONTROL SURFACE MODEL WITH 99 JOINTS
Aut;IISTo IY(I"

S . 45 9 1 29

Ao+ if 0.3
P 0

4 .1/

I 6.1 6

V 6.1, 11.0
10 6.1 !.'

11 6.9 A.R,
1? 6.9
1.1 6.9 lJ..
JA 7.6o7

I/ 7.6!
7.6.

/ 11./8 .l
;1 1 i.18~ 12./3

11.78 1/.6
#4 1.9 .A/

7 Il.11
3 a 0.1

1 .191
4 0.1?5

0.196

39
o 0.31I6

110.06

14 0.1t83
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T
aR 0.14

0.062
0.078

/1 0.0/8

0 .08

o4 0.0,33
I /r, 0.051

'6 0.0,1

14 0.042
0.0501
A. 0.0 It09 "t5 5 1 A~

0.010009 Hit a!) J 2
0.11.0009 it 0 105 1 4

0.O t It d .3Il1)5!) 1 4 5

i. 0. 164 p j 7
H. 0.0164 ".Ij. 8

'I. I.0160 ,. 13 , 9
0.0164 ''s. 1 9 11

. 0.6 fl 9 0. .i 12 is

I• 11.014/ fI.128 1 15
I(. ..f014 h. 8 I t 16

. .0141 0.028 1 lb I
0. 0.014/ o ?la 1 8 IS

I0. .1)15. 3 .l1 j 1 19 21

0 . 0.04( 1 ,o0h 1 2, 21ne~5 otk, , 2
n. It.O S 0. fl 5s1 21 V7

n. 0.005.3 r,.I;I '. 22 2:3
n. (t.01031 1.I116 2 24 25

0. 0.-i31 0.Oes6 t 27 26
(1.101)1 Ii .0116 I 2c.. 27

o. 0 .A 3l . 06 1 2/ 28

if j. 3 1a120 1 6

1. 0.0112/ 0.154 1 7
it. k0,12? t'.0i,5' " . L

(I. n. n112/ ,.0g,54 1 4 9

0. (1.050.3 11.1 . 6 1?
P. 1. 050 0.1 a 12 14

p . 1fllnSt 1 0.P5 1 / 13

S. (.0255 P 10 . 1 I,$ ±5
. 0. l8 I.q/5 1 0 16
0 . 0,H !0o. 151. 9 17
•. 0I.91| / 11.o1/S 1 113 113I

, .01i! 7 11.11034 1 14 j9
n. 0.01131) 11 .007 1 15 210

II. .01a) 1.007 1 1o 21

0. 0.0o3) 0.007 I 1, 2?

I. O.001/ 0.0129 1 1-8 24
II. 1IaO. 1.01 1 11 1?

it. 0 . 32 I.079 1. 11 29
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APPENDIX B

Program FLUENC Listing



s FOlRTRAN OEC:K
Mt~IN PROGRAM FLIIENC-FOR GENFRATINA STIFFNFSSPFLFXINIL11Y AND MASS

(4 NATRicFtS rpam PLPNE GRID 8EAN AND TRIANO. PLATE CEI.FIFNTS

INTVGER OUT
OQIIVALFNCE(SSTF(,),Spf(l),A(1)),(STI(1.)SM(1,n),PLTK(1,1).

IPI.TM(I.1))

I- PORkAT(15)

14); F ORPA T (19 XIs.'I

100uK F ORMA TC(F1X.3F fl) 1

b n'i) VoaphATfu',r5X.E '1)~
5nqo rflpMA y(i IpI ,9AO/l X., I;)A
5nI~o VFRMAT(///6H0#JTS = I "X, 6H NR =VIi,X,Aht NRE =1J,)XD,6H NPE =I.).5,

IHNMODF =I3,qX.6MMKEY =J3,6X./HNt.UNP *I-,)
'rn IPMAT(///7i4M A T F R I A L P R 0 P F R T I F S

1et..*e**4...e~e//1NO. YnUNG.S MODULJUS POTSSON RATIO
I MflfJLIJS OF RlIJITY EST,/2. F] 9X7$1x u 0 '

sioli3 rrRmAT(,///344.j 0 1 N T r' n o R DI I N A T F S/3'7HJ0IN5 NOl. x
I rOOiRrD. y, rfooRl.)

5iuF OR?4ATW///A.LI. 1) 1 N T R E S T R A I N T C 0 I'1 F *.'**

le.ee..*....'71JO~4TNo. Z DISPLA(FMFNT ROTATION ABOUT X
I ROTATION AROIJY Y)

54h0N FORPAT(/I/75H4 F A H F L E N F N T P R 0 P E R T I e S

1 . MAI .JOINT I JOINT P)

'0inif FnOPtAT(///1?'~HT R I A N A 11 1. A R P L A T E E L F Mi F N T
1 p R 0 P r: R r I t. s
1..sa/ln,'IIE.LFMFwr No. T MAT JIOINT 1 JOINT 2' IUINT

5fbj OX DY DXY OFTA)
5ol rRMAT(I6,8 .A~1,96.'P.~,X 2A,~.,IXF1LX

,fln'ru rflPMAT(///Ac,,fnORINAFNUN8FRS F0RFACI 7 'DJSPLACEMFNT AT L.A01 (IN
IRF.STRAINFI) .1.)INT//riMJffINT NO. COORI). No.)

511*?1 FORMAr15,IIA)
SAW"' FIJRtAT(///PV4141 H P F D W F I A IH T 9, P 1IJO IN T Nn. WE I G

1411
5(11-1 FnRMAT(1r,6 FC1O.4)

"nisi: ASSIGNMFNTS

II

8z.



fr lil SC:9
.111 Ise=, 0
Ill I SC= 1.

r RI-AIN INPUT OF DATA
11ze1 RI A l( IN, I fIe; ) (TI TLE.( I )p I ~l D 4 )

I1(lV.NF-u) CALL EXIT
RI WI NJ) MD IS(:
REW INil Nnisc
RFW INi) IDIISG
RIW I NiJ JD IS(;
REI il KD ISt;
WRI I E (OUTiil T (I TIE(I) I1:1 ,?4

RI-(1(JN1U" )NJTS.NR,NI3E.NPENtiIOIJFMKEY,NLUMP
r flJTS=N0. OF JOINTS, NR=NO. OF JOINTS WITH RE~STRAINTS
C NtiF=NO. OF IJFAM EL.FMFNTS, NPF=NO. OF TRIANGULAR PLATE ELEMFNl S
c NMObE=NO. 01 EIGFNVALUES ANDi EIGFNV CTOHS DESIRED)
r MKFY = I DO NOT COMPU1TE ELEMENTAL CONSISTENT MASS TERAS
r HKFY = COMPUTE ELFMENIAL CON SISIENT MASS rFRMS-
r NIIMP NO. OF LLINPEI MASSES INPUT

WWIIFHO1JT,,)"'i) NJTSNRN8ENPE,NMOJE,MKFY,NI.JMP
C INPUT IATERIAL PROPERTIES

110 IV' I1,NMAT
Qttuii( NI,1i'?') Ym(I ),PR(I),GE(I ),DEbNSCI
YM=YO(JNG*S Mn0./1t1*.6, PRzPOISSON RATIO, GFE=MlOD. Of RIG101TY

V I)-NS=0ENSITY

YM( I )=YM( I )*I .Fo

r) D -5 I =E I )* .FA

-,p 1,Ilt-NS( I )=DENS( I )/(,1?.1 /4*1.)
r' INPUT JOINT COORDINATES

PLIAlj( IN,1AP i ) (X(M),Y(M)pM,N.NTS)
WI IF(OlTj,'1Ii

C INPOT JOINT RESTRAINT CODE
r l:FRHE
C 1=rtLAMPED

DO 12 1=1,NJ1S
NR1( (I)zU

NJH3( I )=0
N i nI)f

I i(NR.EQ.II0 00 TO Fli)

WRITF(OJT,' W16)
flu it I=I,NR

REAII( IN,10J I) JfIl M,,M.3

1 83



NH1 (JT)=Ml

WRI IE (OUJT'it) JT# I M,2, H3
t1 CONJINJF
101I CON11NUE

GE~iNERATE COORDINATE NUMBERS FOR EACH JEGREF OF01F:t,' IF
C CLAMPED, NORMhL DISPLACEMENTS ARE NUMBEREIJ FIRST

41,JJ N2, N3i CONTAIN COORJ. NUMHi~kS FOR EACH JOINT
C NRFPiU =NO. Of NORMAL IIISPLACEMENTS

C NUF =NO- Of DFGREES OF FREEDOM INCLUDING RU1'ATIONS
CAlL COORD)N(HPI,1t ?,NR.iNL.N?',NJ,N4JIS,NREiluNIJF).)
IHI E (OUJT,'U

00 511 I=1,NJTS
IF (NRI( I).+U.1) GO TO 1ii

.)0 CONTINUE
c INPUT LUMPI MASSES

IF(NLUMP.EO.1l) 6O TO Zhu

Fil ,it. I=1.NLINP
Wl IEF(OUJTo',ii~oi) JMASS( I),RSMASS (I)
RSMIASS( I )RSMASS( I)/ (i.1 /4*1 d.)

7 1 CONIINUE
2 P CCJNIINIIE

N SS 1F =NV F*CN fl f 4?

00i 13 I=1,N.STF

I P (NRE -EQ. - ) O TO i Oil
r IlLtIN TO C;FNFRAIF BEAM STIFFNESS TFkMS

Ml 14 NM=1'tli
r INPUT REAM F-LFMENT PROPERTIES

RI-Al( IN,111*4 ) AR.XI,YJ,MAT.JTNR,JTFk
C. AR=AREA OF HPAM CROSS SECTION, XI=AREA MOMFNT OF INERTIA,
r YJ=EFFECTIV- TORSIONAL MOMFNT OF INERTIA, MAI=MATERIAL C;Ujf-

* c ITNI1,JTFR:.JUINT- NIIMbERS AT ENDIS
wRJ1E(OUT,,,Ij'I') NM,ARP,)fYJaMATJFNR,J1FR'

r SI:T UP COUF NUJMBERS
4OStC(t)=Ni(JTNR)
NtJSL(9')=NMJTNR)
NOS(;(.)=Na(JTNR)
NOSV(4)=Nl (JTVR)

NOS(.(b )=NJ(JTFR)
TI,(MKIEY.EQ. 1) G0 TO 210

r sinuE INFO. FOR LATER USE

9 71 CONTINUE
Xi=X(JTNR)
)(,X(JTFR)

84



Ye=~Y(JTFR)I rFLNlH=SQRT((X?-X1 )*e*?.(Y2-Y1).*e)
CAlL I RANS(X1,X?0.Yl,Y2,FLNTN#DCS)
F=YMNOMAT)
QGEI (MAT)
CALL HFAPK(FL.NTNF,G4X1,YJ.STH. OC-S)
fltlit- Xcls' K21,
JFCNOSC(K).kQ.'-) 00 TO 15
I=NOiSC(K)
nlo 16 N--i,"'
IF(NOSC(N).E-Q.') GO TO 16
.I=N(JS( N)
If(J.LT.1) G~ O 70 6

SSII (fM)=SSTF(Kd-)fSTM(XvN)
ICONIINUE

14 CIJlINUF
9:0 CEJNIINIIF

IH(NRE.EQ. I) Go To illI

C REVIN TO G-NFRATF TRIANGULAR PLATE STIFNESS lFRMQS

flU 17 NM=i.NPE
C INPUT TRIANGUSLAR PLATE ELEMENT PRoPI:RTIES

Rk 6It ( IN, 1 u- t)) P TH. MA 7 .J17 pJ I '-J T.5 -N 11X
r PJIHzPLATE THICK(NESS, NhT=MA7ERIAL CODE.
C .I1,JT?,Jl%=JOINT NUM8iiFS A) CORNERS, ANGLE- AT JTi MUIST NUT BiE
C 9"1 LEGREES
C flX.lY,fD,IXY.HFTA - VLFXURAL fIGIniITY TERMS Aoti) ANrLF Of ILFRIAL ~
c PHINCiPAL A~XFS i~- TRIANGLE LOC;AL AXES

IF(NDX.EQ.') RFAD(IN,1I'U?) JX,[lIYIlp1DXY.BETA
IF NDXE.' CO TO 3 m
*ETA.i.
fY=(YH(MAl )*PTH*oi)/(12.*(I.-PR(MAT)**?))

nlrPR( MAT)v'ixY

rC SET UiP COIJF NUMfJERS

N(JSI, ( L))=N I(JTI )
NOS(- (?)=NF (JTI )
NOS.(4 c )=Ni ( JT I)

NOSLA/)=NI (JT; )

NOSI: (6) =Nl WT? )
NOS(( 9I( JT~i)
NOS(tKYEUi ), TN? (JTi

C SIOkeE INFO. FOR LATER U1SE
WRI Tl IDISC) PTI.NAT.JT1,JT2'Jl3. (NEJSC( I) I.I =,(i)
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27~4 CONI I NE
Rx1 zX(jT1)
RX?=X(J12)
14Y1=Y(JTI1
RYP=Y(JT2)

CALL rRANS(IJX1.HX?.,BYI.IHY?,Y',flCS)

CALL PLATEK(Y?.X.3,Y.s,IX,DY-O,ny,fYTA-lGS.PL 1K)
no0 j9 K~
IF (NOSC(K).:O."') 00 TO 19

IFJUNOC(N.E1) GO TO ~

SSTF(MM)=SSlr(MH) tPLTK(K,4)
ld CONIINUE
19 CONIINUE
07 C(M41!NIJ

Vinf rONYINUiL
C STORE FOR R~n)1iION

/-1 WIJIF(IIDISrC) (SSTF(J),J=NS.NE)
REWIND) IDJSU
00 k? Izl,NSSTr

JF(MKEY.Eo.fl G ro TO
IfiNflE.FO-,t) GO TO PfU1

c GF:N RATE HI-AM MASS MATRICES

RFAII(IDISC) AR,XJ,YJDMAT.JTNRDJTFR.(NOSU(l)' ft,")
X.=X(JTNR)
X#':X(JTFR)
Yi -Y( JTNR)
Ye=Y(JTFR)

CALL TRANS(X' ,X2.Y1,Y?.FLNTH4,IICS)
RHO=DENS(MA I)
CALL fREAMM(ILNTI$.RNOARDXI.YJSIM,flL~S)
no '4 K=Ji
1f(NOSCK).iO..1) GO TO 24
1:NIJSC(K)
njo ?r)N:1

IF(NOSC(N).L0Q.f') GO TO Vi
J=N(JSC(N)
IF(J.LT.I) GO TO ,5

SMMM ) SN(M(t)+SMN( K*N )
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r0C(N1 INUF
14CON I INUE

1?A CON) INUE
P~ip' CONTINUE

IF(NPE.EO.-) GO TO J9lt
C f;ENLRATE TRIANGULAR PLATE MASS MATRICES

nlU /6 NM=I.NPE
RkAbiIisc) PTH,4ATJTIJTPJT3,(NOSC(I),1=I.9)
RX1=X(JTI )
Rxp:X(JJ?)
RIYl=Y(JTI )
9Y)-'Y(JT2?)

CALL rRANS(uX1.Xe.I.8Y/PY; DU)S)

Y~iv1jCS(I).(X(JT~5)-X1).CS(2j.*(Y(JT3))-HY1)
PRHO=flENS(MAT)
CALL PLATErm(y?.XAi,Y~i,PR$OP1N,flCS,PLTM)
flu 0 K:ID")
I i NOSC (KE. 11) 60 TO 27
1 =*0SC (K )

Ii (NOSC(N).EO."1) 00 TO LIM
ilNOSC( N)
I F (J. LT.JI) till TO )8

SMO MM) :SM( MM) 'PLTM( K-*N)
r ON I I NIlE
rUNIINIJE

i-COWINUJ

jil CONIINUE
C SinRE FOR RknucTION

'hCONIINUE
110 .rd iI.INIJMP
NN=JNASS( I)
IF(k1(NN).FJ.hi) 00 1O ',18
NNN=NI (NN)
NS:(?.NNN4(NNN-t).(?*NDF-NNN4))/?
SM(NS=M(NS)RSASS(N#*W)

?HCONIINUF

i-Q WkdJF(NDJSC: (SMJ)DJ=NS-NF)
NV M A~ S S = ND F - N R F D 1
CALI FIGEN(A.-VAL. TEMP,H. C. UUM *F, I DUM4, IfI)sr, JulI , Ku ISC,,NUII*r,

i MV? S C.NIJF ,NMHiF .NMOIIE ,NRE DO, NIMASS)
111 10 ill()
rFND
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V, FORTRAN DUC
CCOORDI' ASSIGNS A COORD. NO. 10 FArH BIEGREF Of fREEIIoHM Ar FACH~ JOINI,
c MR1.NR2,NRi = ARAYS CONTAINING RESTRAINT INFO- FUR kACI1 VEURI-,
c 01 fREEIOJ AT FACH JOINT (FI4EEkIi, GLAMPHW)
r NI.N?9 Ni = CORA, NO. FOR FACH IJFOREE OF FREFIiOM (NORMAL
r DISPLACEMENTS ARE NUNIHFRED FIRST)

c NJTS NO. or .1OINTS
C NRFBU NO. OF NORMAL T1iSPLACEMfENISI
c NVV TOTAL No. OF VEuREES OF FREEDOM (INCLUDING ROJlAIJUNS)

SURROUTINE COO)RIJN(NRI ,NR?.NRI,N,N",NJ,NJTS,NR-llU,MllF)

NO--I
00 10 I:1,NJTS

IF(NL(I.FU.)00 TO 10

NO=NO~l
III CONIINUE

HR F 1'U=NO-i
DO jI0 I=1,NJTS
IF(NR2CI).E-O.!) 00 TO 21

NO=NO.1
dlIF (NR.i( I).FU. -) GO TO ',1

NO=NO.1
SCUNIINUE

N I)F=NO -
RF-TIIRN
FNII
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IfokTRAN DFUK1' CTRANS TRANVSORMATION OIRECTION UOSINES
r wt.YJ COORDS. OF POINT J
r vY COI)HOS. OF POINT Z

C FL =i)ISTANL.F BETWEEN POINTS I AND) e
c Qcs= DIRECTION COSINES OF VECTOR FROM POINI 1 10 PUINT

SLRROUTINE IRANSCEI ,Xe,Y1,Y2sFL*DUS)
flhP*NSJON 14t:5(i)

n(:S(?)=(Yi-Yl )/FL
RE:TURN
FNn
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*~ ~ FOI4TRAN D~

C14FANK PLANF- ORII) BEAM ELEMENT STIFFNESS 
MATRIX IN SYSI~h COIJNIS.

C l tiFPA1 I.ENGT'4

C E YOUNG*SMOUS
v 9 MODULUS OF RIGILIITY

C WI AREA MUMENT uF INERTIA

C YJ EFFECTIVE TORSIONAL MOMENT Of INERTIA

C SIMt= STIFrNgSS MATRIX
ni;s = DIRECTIlON COSINES

suAROIITINI YFAMK(FL,E.GDXI ,YJSTM,I)US)

q1141 SION SIM(A6, OICS(2)
Z=XI/FL

7? =0*y~ V V

*STM4P4) 1*IM( ?) nS(+Z,*);I *CSl

cSrm(4,J)z-sTm( 4 0l
STM(4.4)=Sr~TM'i)

s 1 4 ,) =STMt (2 - I

S IM(6 4 )=-SIM( 4 0

RETUIRN
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T, FnRTRAN 0FCK
CHFA~Nt PLANIF ORID BEAM FLEMFNT MASS MATRIX IN SYSTEM (COOIkS.
c FL HFAM LENGTH
r RHO DENSIly
c A CROSS SECTIONAL ARFA
c Xf AREA MOMENT Or INFRTIA

r SMS MASS MATRIX

c flS = DIRECIIUN COSINES
SURROUTJNE 'FAMMU.L-RHO,X1,tJSMM,DU~S)
DIMENSION SMMe..6)v0CS(2)
Z I RHO*A*FL

7.i=X I/ A

CU-/i 1~l .*f I Pt. *3(Ii .01))

A ArZ1 *(13.. ti. Z./(1f..I.)

7 1 :-Z1 Yj/t *A

SMM C ,? ) AA. DCS(7 ) #ICSC2) T1IJVCS( I) *DCS(1)

SMMCA, 1)=A-~C:.j(S( )*C()Tirs/Ds.7

SMM(4,1 )=HH
SMM( 4 , )=0Q*fCS(1)

SMM(4,4):Sl4M(I. I)

SMMU6,3)(-SStPPS().UUS()IJCS() ,)DS(

SMl4(b,4)=-SMM(.,1 )

SMM(6,,%)zSMM(i. J)
nofl i 1=2,',

no Ili J=1,f4
SSMM(J. I)ZSMM( I.J)
RE TORN
FNJ)
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FORTRAN UECK
(:PL ATE K
c THIS S!BROUIINF*DETER"iINES IHE STIFFNESS MAIRIX W~ A
C TRIANGLE PLATE ELEMENT IN SYSTEM COORDS.
c Y?.X3,Y3 = OORDS. OF PLATE CORNEOS IN LOCAL COURVIJNAIFS
c nXI)Y,D]DIJXY.IJFrA =FLFXUOAL RIGIDJITY TERMS ANDJ ANVIE Of PIAIIRIAL
r PRINCIPAL AXFS W/O TRIANGLE LOCAL AXES
C tiCS DIRECIION COSINES
c PLTK STIr~t4ESS MATRIX

SUJRROUTINE ILATEXcY ,X.3,YJ,DX,IY,Di,DXYRETA,ICSoPlIK)
0IIQ NSION PLTK(9,9)jC(Q,9 ),CINV(9,Q),P(9,9 ),R(9'9 )

CALL MATMPY(P,CINVoR,9)
Dt O jo 12D'
N=I-I
00 10 J=1,N
ZZ1:CINV(I.J)
ZZ?=CINV(J. I)

CINV(Jo I):=Z't
III CONIINOE

CAlIL MATMPY(riNV,R.STJFF-9)

flU 40U~ J=1.%,

4i 1T( 4,4 )1i

T(7,7)=).

T(Q,9 =DCS(?')

T(A,9):-DCS(I )
T(Q,9)=bCS( I)

T (A, 5 =0CSf

CALI tATMPY(STIFF. TsC,Q)
T(?PS)=DCS(i)
T(h,6):DCS(1 )
T(P,9V=DCS(I)
T.(., 2) =-I)CS(1)
T (6 ,5 ) -D(CS ( I

(,AIL MATNPY(T#C,PLTK,9)
RETURN
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FORTRAN DECK
CC MA I
C THIS SUBROWJINE FORMS THE C MATRIX RELATING THF CURNER
c DISPLACEMENTS TO THE POLYNOMIAL OMFTION COEF'FICIENTS
C FOR THE TRIANGULAR PLATE ELEMENT
c Y?-xisYs coopus. or PLATE CORNERS IN LOCAL GOORIJINATFS
c n C MATRIX

SURROIJTINE GMAT(YPX3,YJ,C)
DIMENSION C(919.)
no in I11 9
r)(j 10 Jz:1,9

C(1 , )10.

C (3: , 2 ) 1

C(Ap3V=y2**

Cr, ; 9 =. * .Y 2.

C7,3 =:Y3
r(7.4 ):X.3*

C( 7 j=Y3*va

C,(7.8i=X3* ~*2+Y*3

C (P ,6 ) 2.* *Ya
C (A ,f 8 c2. XJY3*+ Xi*e?
, (m I, 9) A * *YJ0.

r ((),, 5 ) =-J

RFTUJRN
FND
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FORTRAN IiFCK

CMINV "Aflnix INVERSION SUBROUTINE
C A =MATRIX 10 RE INVERTED

u U IN4VERTED' MATRIX

c NM1 = ORDER OF MATRIX (.LE.9)
SIRROUTINE MINV(AUPNM)
RIMFNSION A(9.Q)j-U(9.9)
no 90lU1 j=1,N4
Do 9001 J=I#Nm

IF (I.Eu.J) U(I.J)23.
9fl~ irON I INUE

FPS=0(. I)00'1111
D0 90lL5 1=10"M
K:l
IF (I-NM) U191?,ii

9405i IF t-ACII)'IFPS) 911116,900h~.91h117

00 90b13 J:',NM

900 I * J)=A( 1.J)lAij,)

Go 10 9fl21
900 niV=A(I,I)

D0 90U9 J:i,NM

90110 A( J,J)zA(I.J)/P'IV
no0 9015 Mtl1.NH

IF (ABS(DELT )-FPS) Y'~I1'59dlI1)
9"1 h

9.116 IF (MM-I) 90jjto90!,i,9Ulu

10~i1)0 9011 JZi .NM

9011 A(MM*J)A(MM-J)-A(I,J)*DELl
901!1 COt4IINUE

no 90-33 J,vNM

RETURN
FNrI
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C )I AFORTRAN DECK

r, THIS SURROIJ1INP DETERMINES INE DOURLE INTEPRAL MATRIX FOR.
c THF K EQUATION FOR THE TRIANGULAR PLATE ELEOENT
C Y?.X3,Yi = GOORDS. or PLATE CORNERS IN LOCAL COORDINATES'
r 0X.IJY,B1,DXY.BFFA =FLFXURAL R1GIbIJY TERMS AND ANGLE OF MA1FIRIAL
r PRINCIPAL AXES W10 TRIANGLE LOCAL AXES
c P =DOURLE IITFGRAU MATRIX

StRROUTINE 1iTNMAT(Y,X3,YJ,DX~fDY,U1 sDXY'RETA,P)

no )n I 1D
1110 inl J=11,Q

In P(I,J)=O.
CAlL FAT(fXDY,0liDXY,9ETA,D)

Ak IJBL INT(Y2X3, YoS., )

A,:P1RLINT( Ye.X*Yx:, y , tI)

Ab~b8LINT(Y?.X3#Yj*3,L)
P(4,4)=4o*I)(1,1)*.I

P( 4 7 ):12 * b(1,1 )*Ak

P(4, 5)=1.*l( I,.)'A.

PU,1 4.(fl (1, 1 )*A4 1 (, ?)*A?.#0D(3 J)(A?+A4)
P(i * 9): 1k'. *r)(.,? )A4

P 8. 1)4 (J, I ~1 * A 0 (.3, * 4Ao W?*.0 D (3, 3 )*(A6-4' A")

no1 ?O 1=1,-t

nO /0 J:N,'

RF TURN
END
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FORTRAN Dfl-K

C MUI1PLIES MATIC WES A AND 9 TO GET C, ALL OF~ ORDER N*N
qURHOUTIME MATMPY(ARPCN)

(30 i0 !:1.N 
I 2

no( In J=I*I

RETURN

FNTI
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cu ) le A a l a, N ) ar In 0 r%. l w %aao

ell NO C

Lu IT 
I

I. j A A
A A

:1 1 A Ai

Hu Q II9zI l.; j --.1L 4 - -
L: Z U, 

A I.- A

*l Iu 4e 4

_LL I . N r ,2 A A

cc 11.N~ L NN N N NIS N N I V V

CC L A A

I l jI-1 0 h NN .N mIN N i C C N vtIN M r-v 3

L u L L 2 s . N tUN 
V V

'LL, II-r U I- I I. 1. 0-A A

N. ! :* !! " V V
1- 1- 1- " t N r m A30 /



CORLINT DC
C THIS SUBROUTINE EVALUATES TA~ DOUHLL INTEGRALS APPFARINU IN THFl
C EOUATIONS C'OR K AND MI FOR Tkf TRIANG~ULAR PLATE ELEMENT
C CX3Y OORIJS. OF PLATE CORNERS IN LOCAL COURDINAIES
C '4,N =POWER OF X AMD Y RESPECTIVELY, PRZEMIENIECKI. PAGE

FUNCTION I3'lLINT(Yw.X3. Y3tN.N)
111MFNSIONA)(i8i)P1/P()P()
EOlIVALENCIE(RI( l).P3(I ))
Ir(M-i) 4o,41,42

GO 10 4.1
41 P11 )=-*I.U

go To "3
42 CONTINUE

no 10 J=1,mt1
CALL PLYMP(AlD,RJ#MtpP1,N1)

DO J0 1:1,NNI

10 CONTINUIE
43 CONTINUE

go TO 53

P?0-)=Y3

GO 10 5s'
52 CUNIINUE

Ai I C =.
01 (1 )=-y3+y2
qj ( )=y3
MI =1
NN=N-1
00 ?0 J=1,NN~

CALL. PLYNPIAl .1,BL#,I4 P2DN??
NN?:N?+.
1)0 ?0 J=1,NN"



?Af CONTINUE

3 CONTINUE
CALL PLYP(P1,Nl,P? N2,P3,NJ)

SOl :it

00 11) 1=1,NN '
;f!jL::SOL + (X M+ ))Y, t ./F LOA TM* N+2)) P-1(I .FLOA T NJ I- I

-fP CONTINUE
Y l INT=SOL
RETURN
FNn
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FORTR4AN 01CK
ePI.m IPI Ii %

c POLYNOMIIAL SULTIPLY Pi
SIJRROUTI'E I'i.YPA,L~.dJMd.UN)

r Cl -'e.1e1L 9- i-A4
IIIHNSION AWfl.II).C(l) Pf

Do0~ I- tL r
U P

oni p ?

C(K-i ) *7(K-t a AC j)&S(J) P
100~ K #41 P(
11 K

CONTINUE Pi
I If - 1) lir t

N N LJ - I I
"l N 4' P1

101 = ON;?
Ni: j+I I I
G(J) =C(14j)

5 RF1IJRN Pi
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IOkTRAN DICK
11PLATEM
11 THIS SO.RUI)IINF nETERMINES ]HE~ MASS MATRtIX Oif A
c TRIANGLE PLATE EIEMkNT IN SYSTFM GOORIJS.
r exC COORDS. OF PLATE CORNERS IN LOCAL COORDJINATES
r PR4jI = DENSITY
c PJIR PLATF THICKNESS
c c =lC -DlIl-(T ON COSINES
c PL.TM MASS MATRIX

SUIRROUI-NE PL-ATEM(YZ..X~i, IDPRHO.P1HDCSDPLTM)i
fliMINSION PLTH(9.9),C(Q,9).CJNV(9,9) ,P(9,9),R(Q,9)
flIMINSION Te0,Q) 9FMASS(9,9),OC-Sc'J

CAll. CMAT(Y(.x.Y.i,C)
CAIL MJNV(C:,CINV-(4)
CALL UINMTM(Y?!. X2,Y.,PRHO,PIH.P)
rAl I MA7MPY(P,CINV*,,))

1110 10 1 = 4

00 111 J=I,P4
771 =ClNV( I.J)

1-INV(J I)/

C'lNV(J I N)/L

I'A1 L MA1'MPV(INV,R#FMASS,9)
'dk oll J='1.9

4ol" T(l ,JJ)jg.

T(4,4 31.

T(".Pfl=DCS(r 3
T(4,#3J=DCS(,fl

4 T(Q*95)=1CS(, )

T("pA6)=-lCSG1)

T(fl,9)=-CS(t

T(7'?)=DCS(j I

CAIlL MATMPY(fCMASST,C,Q)

T(6,.i)=ICS( I

(7,4.1 MATIIPYCT,r,PLTM-*))
RETURN
END
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f O TRAN *JC

c TAiIS SUIR0i1INF DETERMINES INE DOtINLE INTEGRAL MAIPIX FUR
C T4E TRIANGgJLAR PLATE~ M MATRIX -PRZEMIENIECKI, PA(4F 3U4

P. Ye.X3,Yo~ = OORDS. Or PLATE CORNERS IN LOCAL r:OORUJINAIFS
r PIRIUi= DENSITY
c PIN = PLA1F THICKNESS
c P= DOUBLE INTFGRAL MATRIX

SUAROUTINE bINMTM(Y( ,X3,YJ,PRHO,PIN.P)
9JMkNSION P(qQ)

P(2,1):DeLINT(Y2,X3,Yi.,l,)

PC?.? ) I)8L INT( Y?.bX3, YA. 2. U

P(.,2l8LNTY?.XYa-l. ,k)

PC 4.3 ) =IiL I NT( Y?,. 5. Ybi2 U.

A ~P(4 .4 )=D9LINT( Y?,.X3, 13.4,;,)

P(' I6 )=:IJL TCY.XY*I 4)
P(.7,I )=P(4 0'

AP(&,). p(4 4)B NT(Y.0 Y 1

PC 7. 4 )=D8L IN T( YC., X3S, Y im,5 0
P(l 'i'5 )P I NT( Ye.. X3# Y., 2,.i

P (b 3.1) =P 0 -)P *

P(6 4 )=P( / , b C75

P(P,7.3)=D8LINT(Y?, X3. Yi,,)D3ITYXi,)

P( .4 )=YL I NT(Y? Yd.XIY.. I)DtIlYX.~,,
I *.)D8LINT(Y,X3,Y.,4)

PC (7 I) =P(4 0.))

P C, 3) * ) =P C q b)

P 7. 6 DB I NTYeX ,Ya,i)

P (7- 7 OL INT ? .3 Y~ -t, i
P ( , 1 =P (). i ) (102

P(8,)=P~.4)+(9,I



TP(QV8pB)UB8L INT(Yl, X3, Yi, Ijo)*DB I NT Y,X.). Y1i,P
P(v*9)=DHLgNT(Y? X3,Y.b,6)
Oo Jo I=IS,)
DoU .1(0 J:l 0 1

'P(I,J)P(IJ)PRNUgJPTig

no wo ?,
NI-l

90O ?O J=IPN
P(J, I)=P( I.J)

RFTRN
F NP
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S FORTRAN "DECK
CEIGFN RED(JCFS STIFFNESS MATRIX AND INVERTS IT, REDUCES MASS MATRIX
C DETERM1INES EXOERVALUES AND EIGENVECTORS
C THF ARGUMENTS ARE=
C A - VFCTOR OF LENGTH NROFIF(NRDF41)/2

C VALIJ - VECTOR nF LFNBTH NEIG
C TENP.RC*DUNio - VECTORS OF LENGTH NRDV OR NMASS (SHALLLR)

C ILJIJM4 - VECT~OR OF LENGTH NRDF OR WHASS (SMALLER)
C ITAPE,JTAPE, NTAPE, MTAPE, - THESE ARE VARIOUS TAPES
c RRF - NUMBFR OF DEGREES Or FREEDOM OF THE SYSTEM
C NEIG - NUMBER OF EIGENVALUES DESIREDj
C NVFC - NUMBER OF EIGENVECTORS DESIRED
c NMASS=NO. OF NORMAL DISPLACEMENTS
C NOMASS=NO. OF ROTATIONAL DEGREES OF FREEDOM
C STIFF IS ON MTAPE IN COMPACT FOR" 1
C MASS IS ON NTAPE IN COM4PACT FORM

SUBROUTINE EIOFN(A.VALUDTEMPB.CDUM3,IDUM4,ITAPE,JTAPE,KTAPF,
1NTAPFEMTAPE, NRDFNElO.NVECNMASS. NOMASS)
DIMFNSION DU)MS(NRD)~IDUM4(1),A(1),VALU(1),8,(1).CC1).E(NRDF,3),

I TEMP(1 h~
DIMENSION ILOW(50).INIGN(Sfl)
INTFGER OUT
DATA 01/6HFLFXIB,,02/6141L1TY I. Q3/AHMATRIX/
DATA 04/6HWEIGHT/.05/6H MATRI/.QA/6HX I
Do 1:16 fI lNMASS
ILOW'(1IT)=l

56 IHIGH(II):NMASS
fOUT=6
REWIND M7APE
REWIND NTAPE
NTEMP:NMASS
CALL. DIVID(NMASSNOM4ASSMTAPEJTAPEP ITAPEAR)
CALL ZROMAK(ARC.DUM.~.MMASS,NOMASS, ITAPE,JTAPEMTAPEKTAPF)
CAI D)IVID(NMASS,NOMASSWTAPEJTAPEITAPEPAB)
CALI ZROM4AM(ABC 1.DUNMI,NNASS.NOMASS, JTAPE.JTAPE,NTAPE,KTAPF)

345 CONTINUE
REWINDJ MTAPE
REWIND NTAPE
NRFDU=NMASS
NRMX=NREDU*(NREDU+1 )/2
REAJ)(MTAPE) (A( I), Iz1,NRM-X)
WRIT T(OUT,55n'o)

5500' FORMAT(I//65HR E D U C E 0 U Pp P a T R I A N 0 U L A R
IS T I F F N F S S N A T R I X)
0O 5501 I=1,NREDIi

5507 FORMAT(/3HROW, I4D'"(/9El4o5))
55fi1 CONTINUE

CALL SYMINV(A,NREDJ)

5503 FnRMT(UT;55fl E 0U C ED0 U P P F R T R I A NO0 U L A R
IF 1. F X 1 9 1 L I T Y M A T R I X)
PuINCH 5602# ((ILOW(~)IHIGH(K))#KaliNREbU)

no 5504 1=1,NRFDO

5504 WRITPMOIJT.55"Pl ID(A(J),JzN$.NF) 104L 2



puNCH 6,011, 01,07-03
60111 FORI4AT(,3A6)

DO 6517 1:t,NREDU

IF(JI.EQO) Go TO 5500
00 5509 J1,TII

550)0 R(J)=A(NU)
55118 CONTINUE

NE=(?*NREDU.( I-1).(2.NREDU-I))/2

DO '10JJ=NS,NE
R(J)=A(JJ)

55111 *=JJ
PUNCH 6010,(R(J),Jsl.NREDU)

60111 FORMAT(IP6E17.5)
550)7 CONTINUE

C OPTION TO EXPAND REDUCFD FLEXIBILITY MATRIX TO FULL MATRIX BY
C INSERTING 1 OR 2 ZERO ROWS AND COLUMNS RFPRESENTING ATTACH POINTS.
C COPF , NCOD 1 OPTION EXECUTED NCOD 0 OPTION NOT EXECUFIJ

REAP'(St560) NCOD
560 FORMAT (16)

IF(NCO)) 580.'580.1i70
570 CAL.L FUIFL (ANRFDU)
580 REAIJ(NTAPE) (A(I),Ixl,NRNX)

DO 601? I!1,NRPIX

WR! TE(OUT,550'5)
55115 FORI4AT(///79HR E I) U C E D U P P I t T R I A N G U L A R

1W FI G HT M AT R IX)
00 1151)6 l:1,NRFDII

NF=(?.NREDU. cl-I )'*(?NREDU- ) )/2
5506 WRITF(OUT,5512) I, (A(J),JZNS.NE)

PUNCH 6011, 04.0r,,06
n0 5511 I=1,NRFDJ

IF(11.EO.I1) 00 TO 5512
no 1)513 J=I,1i

5513 R(JI)=A(NU)
551? CONTINUE

NS:(9#I,(I-1)*(2*NREDlU-I))/2
NF=(?.NREDU+( i-l).(2*NREDU-I ))/?
j:J
no 5514 JJ=NSNE
R(J)=A(JJ)

5514 J:J+1
PUNCH 6010*(R(J),Jz1,NRED)U)

5511 CONTINUE
lF(NEI0.FQ.U) RETURN
NMAX:NTE14P*(NTFMP.1 )/2

30 CON71NIIE
C READ) IN THE MASS MATRIX

REWIND NTAPE
RFAD(NTAPE) (A(I).I~tN*iX)

REWIND NTAPE
355 CONTINUE

CAL.L EIGMAT(NTEMP,A,VALUTEMIP,R#a.DUN3.E, IDUM4,MTAPEDNTAPF,JTAP~,
u ITAPE,NEIGNVEC) 105



1011 CONTINUE
DO 611 121.NEIG

601 CONTINUE
WRITE (OUT. 9U19 )
WRITE(OUT,9015) (I#DUM31(I).IlvNEIO)

90109 FORMAT(1H1.43X.33HHERE ARE THE NATURAL FREQUENCIES
9405~ FORMAT(35X*29HTHE NATURA.L FREQUENCY WNBER I3.2X.2HIS F12.J.2Y,

13HCPS)
9008 FORMAT(143RX.43HHERE ARE THE EIGFNVALUES AND EIGENVECIORS 1I

RETURN
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$ FORTRAN DECK
CFtILFL EXPANDS REDUCED FLEXIBILITY MATRIX.8Y INSERTINO I OR 2 ZERO1

C ~ ROWS AND COLUMNS REPRESENTING ATTACH POINTS.2
c THF ARGUMENTS ARE
C 8(1) REDUCF0 FLEXIBILITY MATRIX IN COMPACT FORM 41
C NXr ORDER OF REDUCEII FLEX. MATRIX 6
C INPUT DATA RFOUIRED6
C NR NO. OF ATTACH POINTS (I OR 2) 7.
C NNF,NWO =MASS NUMBERS Or ATTACH POINTS I AND 2 RESP. 8 ~
C 9

SURROUTINE FIil-FLCH.NXC) ~110'
DlMkNSInN 8(1 ),0(1275)*C(50) '16
DATA Lj7/6HFXPAN9/,08/6HED FLE/sQ9/6HXIBILI/,QO/6NTY MAT/,Ql1/6HRI 20,

READ(5ol )NR,NNENWO 30
1 FORMAT (918) 3

MS=NXC+NR 40
MMS=MS*(MS+1 )/2 45

JJJ=O 60
KK=0 65
.j J=O 70
no 100 J=1,MS 7
1F(J.E0.NNE.ORJ.EO.NWO)GO T0 99 80
1I J. 85
JJ= I +NXC-J+JI.1. 90
KXKJ-l 915
DO 98 JK=IJJ lo0b,
KKK=KKK+l 105

TV (IKK.FO.NtF.OR.KKK*EO.NWO)GO 10 96 1i5
On TO097 220

96 KK=IKK+l 125
97 DCKI')=R(JK) 1S0
98 CONIINUF 135

G0 TO 100o 140
99 KK=KK.MS-J.1 145

J J J J Jl ISO15
100 CONTINUE 155

WRI TE(6,2) 160
2 FOPMAT(///'86HIJ P P E R T R I A N G L E F X P A N D) E D F L 165
I EX 1 1L I TY M AT R IX) 170
00 10 I:1,MS 175
NS=(2*1+(J-1)*(2*MS-1))/2 180*
NE=(2*MS4( 1-I )*(?.MS- ) )/2 2815
WRITE(6,3)I,(D(J)pJ=NS,NE) 190.

3 FORMAT(/314R0W,14-/(9E14*5)) 195
10 CONTINUE 200

PUNCH 4,07,08,09,O1Ol1 205
4 FOIRMAT(5A6) 210

DO 20 I=1,MS. ?IS
I I =I -1 2
II(1I.EO*0) QO TO 18 22
Do 19 J=1,11 P30:

I NtU=(2.I.(J-1 )*(2*I-J))/24&(J-1)*(MS-1) Pf
1 19 C(J)=D(NU) ?40

18 CONTINUE 4
* N~u?.J4I-1).2*MS?50/

Nr:(2MS.(.1)*2.MSI))/
.J~I I?60



DO 16 JJ=NS,NF
J)D( 

£ ?j
16 J=,j~j 

e4
PUNCH4 5,(C:(J),,Ix11 pq)275 V(JRMAT(P6EI2. 5 ) 

2820 CrINTINIIE 2RETURN 
2'~END 
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fOFRTRAN hJF-K
CD I v 11)

r N=Nti. OF NORMIAL PISPLACEMENIS
c 4=N0. Of ROJATIONAL .O.

C N1PIL-CONTAINS SrIFFNFSS (OR MASS) MATRIX
C NIPL-Kl? (M11) STORED

r !1PF-KII (111 1) STORED
c A- L'UMM') SlORAGE VECTOR-LAIRGER OF (N*(Ni).?~ OR Mi'(M+l)/?)

')jMj NSION A('*) .80i)

Rf-WINI) I1Pl-
R1:WIND NTPI

NMAX=N*(N- )/2

NM=N*M

R1:AU(NTPF) (R(J),J=1.1 I)

40J= -i Jl

TuNI: lCNT#*
A0 A(TI:NT) =8 J)

JUN I =;l

.ICNT=JCNTt'

Ill roNlINUE

WRIIE(ITPE) (A(J).J=1 ,NMAX)
RFWINl MTPI-
RI WIND ITP-

11=M-ICNT
RE1AI(NTPE)(RJJ:.)
JUN kICNT+.
'if) r. 11 J=1. 11
I D=: 10+1

bo A(Itj):R(J)
5n CONTINUE

RE:TURN
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t FORTRAN Of-U;K
C ZR OHAK
C 1) IS A DUMMY VECTOR WITH STORAGE N OR N (LAR(WR)
c A IS A DJUMMY VFCTOR WITH STORAGIb N*(N+!)/? OiR M*(M#L)12(, N;IR
C 1 lb A DUMM4Y VFCTOR WITH STORAGE N OR M (LARG~ER) Lt;-
c C IS A DUMMY VFCTOR WITH STORAGE N OR M (LARGER)
C N=NI1. 0f NORMAL DISPLACEMENTS
r M=NUl. Or ROTATIONAL O.O.F.

C NIPI- CONTAINS Kli MATRiX
r MIPE CONTAINS KIK MATRIX
C I TPf. SCRATCH TAPE~
c KTPE STORES JK-*()
c A INITIALLY CONTAINS K"Z INVERSE
C**e REDUCED STIFFNFSS MATRIX IS STORED) ON ITPE

SUPROIITINE ZROMAK(A,8DC,DDNM,NP.MTPEITP:,ITPF)
nIMENSION . ,('.C(13()
DOI11E PRECISION SUMDP1.iJP2
CAI.1 SYMINV( A.PI)
RFWINU MTPF
RE-WIND) ITPF
REWIND) NPF
?I.WINf) KTPP
NMAX=N*(N#-',
IMAX:M*(M#-) /;,
noU II KKzJ.N

010 1000f IK=I',M
*jJ= I K

no0 o J=.)J.M
ICNI=ICNT'i

if) C(jj:A(ICNT)

!J=JJ-'
JA=M
I I)= I K

It JJ.F.e n(I TO 30

.14=JA-1
Iii: 10*JA

so CONJINIJE

not ,o J=,,M
05)1:1(J)

.)fIumpp SU:SJ+D.)P,,
fl(JK)= SUM

jl,'CONTINUE

WRIlE (ITPI) (D(J),J:1,M)
III CONTINUE

RWINE (TPI) I(,JLN
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REWIN) MTP-
RI-WIND NTPF
RI-WIND KTPI-

I 1 NT U
DO (,0 KK:1,N
READJ (ITPL' (f(J),J=1,MI
K I KK
ri0 /0 KJ=J.N

KP= J
i KP.I.T.KI ) rO TO /0'

nP -'C (KR)

I UNI = CNT.
SM= SUM
U (;(.NT)=AC IutNr)-SHq
rl UN I I NUF
PI-WJNI) MTPF

(B ON II NUF
RI-WINU NTPI-
REWIND) MTPI.
RF-W I No I TP-
WRI 1F(ITPl,) (A 1). 1:1.NMAX)
RI-WINO I TPF.-
RI- TURN
P N 1



FORTRAN IICK
C Z1R O94AM
c N=NO. 'OF NORMIAL OISPL4CEMENTS

C -NIPE GONIAINS H411 MATRIX

c '4rPl CONTAINS M10 MATRIX
c ITPh SCRATCH TAPE
c KTPFU CONTAINSKI.?.CL
(C.** REDUiCED 1MASS MATRIX IS STORED ON ITPE

SUROITINE ZROMAW(A,89 C#DNDMNTPe.MTPEs I1PE.KT'P)
t)IHINSION 40:109).$)c(lI)(l)

D)OIRLIE PREC:ISION SUM1,SUM J,P.P.I)P3
N 4A SS N

FWUINO MTP(
REWIND1 ITPF

REWINO KTPF
NJMAXN*(Ns' )/?

.;J=NI 'I

.1K = IK

ICNI:ICNT.'
2ol c(j)=w(cNrj

JA=M
TD=1K

Il JJ.E0.II) r7O rO 311

JA=JA-1

10=10+JA
SCONIINJE

SUM]: = .1 WI
n'lo ;) 0 J=1 0M
nP1=g(j)
9pV:c(J)
sulwi:sum lip; )P)
'n (JK )S UM I

t I~s CON I I NUE
WRIlE(ITPE) (D(J),J=I .9)

ill rONIINUF

REWIND MTPv
REWIN) NIPI-.

9EWINI) KTPI
RbAII(NTPE) (A(JLJ:1,NMAX)

no etI) KK=1.N
Qf:AD(MTPE) (FI(J).J--1.H94
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RLAJJ(KTPE) (C(.J),J= 'N)
Skim.# =11 . 00

00 isO KR:J..M

O'Pl B( KR)
OIP9=DC(KR)

"'SUM! =SUMI ,1P"III 4D

SM1 =SUMI

If(KJ.GE.KK) A(MM)=A(MM)-SH14SMZ

ir (IJ.LE.KK) A(H#4)=A(MM)-SMI
/ a O(NT I 1411F

RIEWINI) KTPF

R WINIJ NTPt-

REWINI) ITPi
iOFWIN(I KTPt7
tlIHIIF( ITPI ) (A( ).J1 1,NMAX)

14- TIIRN
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FORTRAN DFUIK
csy1IJNV
C A IS THE 11PPER TRIANGLE OF 7HF SYMMETRIC MATRIX ro RLI NVFRTEIV. S'
c FLF"FNTS ARE STORED RWW~ISE.
c N =ORDER 0i MArRix
C PROGRAM INVERTS IN PLACE. S1

SIJRROIJTINE SYkII4V(APN)
I)IMENSION A(l)
NMAX=N.(NI )//,
A(1 )=SQRT(AV )) -s
00 I~fll IJ=*.,N

lut A(IJ) =AI.D /A( ) s;

no ii)'O I= ,N s

nU ?fill J=l.N
JMI=J-I s

L5- I I

I.J=J
DO 1711 L=1II S
A( 1J)=At 1J)-A(L I).A(LJ)

A( II )=SRT(A( Il))

no 5011 J=1.IMt
A (J I ) =A WJ)A (J11

31; .P1:=J,1
JL=JJ

n0 4(199 1:JPI.!f1 s
.L=JL+l

4u," A(JI)=A(Ji)+A(JL).A(LI) s
4 ti f A(.JI )=-A(JI)/A(IIl

lP JJ=JN-J4

I F ( I -N)611- .911-9 11,

DO ifli J=IPi.N
jJ=jJ# I

9o~l A(11.0h

I ki
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ACTj)=A(Ij)*A(.9J)

I F (JP1-N)1 I I" iIII(j i )0I

11,1 IL=IJ S
.1L=J J Ss
no i?'io L=.IP -NS

I A(Ij)=A( IJ).A( IL)*A(JL) S
JJ=JL.I S

141:0 IJ=IJ',l S
?I I =i I J S

RET URNS
F NOt
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i ORTRAN DEUR3
0. 1 MA T
c THIS SIJRROIIIINF FINDS THE EIGENVALIIES AND r-i(LNVf--(TORS iOH
r SYMMETRIC MASS AND STIFFNESS MATOICES.
Cl THF ARGUMENIS ARE--

C N- ORDER UF MATRICES.
c A- DUMMY VECTOR WITH DIMENSION IN MAIN PROGRAM Of N*(N+1)//.
r VALU- STORAAE FOR FJGENVALUFS. MUST OF flIMfNSIO~kn IN THE MAIN
r PROnRAM AS A VECTOR OF LENGTH NEIG.
C TIP.,C.IJ.- DUM4MY VE:CTORS WITH DIMENSION Of N IN MAIM PROGRAM.
r F- DUMMY ARRAY WITH DIMENSIONS Of' (NP.3) IN MAIN PROGRAM.
c IlIJM- D1UMMY INTEGER VECTOR WITH DIMENSION OF N IN IIAIN PRUGRAM.I
C MIAPE- TAPE WHERE STIFFNESS MATRIX IS STOREP) IN CAMPACIl fOiM.
r NIAPE- )APE WHERE-.MASS MATRIX IS STOREI IN COMPtACT FORM.
c JTAPEITAPF- SC*RArCH1 TAPES.
r. t4IG- N1114HER Of EfGRNVALUES DESIRE.
c NVEC- NIJMRFR Of' FIGFNVECTORS DESIRED. MUST HL EDUAL 10 ON LI-SS
c THAN NEIG.
c THFf MASS AND STIFfNESS MATRICES ARE STORFIU IN C;OMPACT FORM AS
C VECTORS. ONLY THE UPPIER TRIANGLE OF THESE MATRICI S(UY RUWS) IS
C STORMD

SIIHOUTINI:EItGNAT(N,A,VALUTIEMP,8,C,D,F. IDIM.MTAPE.NTAPL.JTAPt.
II IAPE,NEIG.NVEC)
flIMINSION A ) FP1)VL~ D ~( .(L,-N ) IU(I
0D1I14Lk PREVISION SUM.SUMJ
INIEGER OUT
I) Iii6
REWIND ITAP:
REWIND JTAPE
RIEWIND NTAPE
REWIND MTAPI:

r SIF-P I
c READ' IN M .4Y ROWS IN COMPACTED fORM
C Rl PLACE M '4Y (I )TRANSPOSF, WHhRE M=L*(L )THANSPOSI-
C rAltLULATE FIRST ROW

READI (NTAP -) (A(I)DI=L.NMAX)
REWIND NTAPI:
CON I INOE
A(1 )=SORT(A(l)

C, CALCULATI: AL-L THE oTHFR ROWS

IND IND

110 iIl 1='.

110 '1) JJ:I.gqI
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SUN= SJSJm+A ("J) (NJ)

A( IND)=0SOR1(A( INO)-S014)
tF(INI).&U.NMAtX) GO TO :00l

K I =I + I
nfo 99 J=Ki.N
I NI)=IND+ I

1 0 ( J I - II

C.I ONTII NIF

r CEU-CK FOR SINGULAR MASS MATRIX

IH(A(KI).1-0..) Go) TO 1b~il
1 .,P CON1INIIE

r THIS COMPLETES STEP I

r STLP 2
f, WQITl- (L)TRANSPnSF ON TAPE RY C~OLUMNS
c P,1 (L)TRANSPOSE INTO TFMPORARY STORAGE (TEMP--A VLVCTOR)
r ANti THEN WRIF TEMP ON TAPE

K1APF=NTAPF-

DO *-411 J~t.N

I Nn.- I NI+ I

rEMP(IND)=A(M11 )
1,1 r:ONIINUE

WRI IF(KTAPr) (YEMP(JJ) JJ=1 INDl)

S- rON II NIJE
r FEIs COMPLEILES STEP ~

r, STL-P
r ((L',1RANSPOSI- 14IViRSF REPLACFS (L)THANSI'oSP IN CORF~
r fFPI ArEMFNF IS DONME BY LAST COLUMN FIRST--WnReKING UiP THE COL.UMN

00 ietl Iz1.N
fNfl(I.(M.'-Wf/2-N

Ij=(Ni.2)-J
r01 911 1eZ.J.I
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1)0 ':iii K=K',JJ
I 1K= I ND+K

4-)" S)M=SJH.*A(IJiK )'A(IK)
IN11.IN*.JJ

4.Jle A(IhD)=-SUM*4aU11
4~q CONTINUE

c END OF STEP .

C.4***4r*44*4****04
C STEP 4
r U=((L)IR4NSPOSE)INVERSE
c WRITE If ON IAPF RY ROWS

WRI-4E( ITAPP) (AC!). I:l.NMAX)
c FTNISHED WITH STEP 4
C.* * * * 4 * 4 * 4 * * 0 * * * * 04 4 * * * * * * 6 * * * * * *

c WRTIJ U ON IAPE Rf COLUMNS STARTING WITH ]HE LAST rOLIJMN iASI
r PUT U (LAST COLUMN FIRST) INTO TEMP AND) THEN WRITt: ON TAPL

lNfl~o
1)0 0. = N
I=N-K *

114 11: 1WO 1i-

TEMP( IND)=A(MI9)

'5"' CONTINUE

5,)S CONTINUE
c E411 OF STEP '

c STEP 6
c FORM KU
C RFAfl K INTO LORF
r RF.AI U INTO GORF A COLUMN AT A TIME IN REVERSF ORDERU
c RFVLACE K HY KU COLUMN RY COLUMN STARTING WITH THE LASI COLUIMN
C A40) WORKING UP THE COLUMN

REAI(HTAPE' (AC I),I=l ,NMAX)
RI WINI) JTAP17
nil e9~i JJ= ,N
J=N4 1 -jj
RIEADj(JAPlE) (JFMP(lI ) I I=L.J)

SUM=OI *Dif

46'n quM=SuM+A(MK1 ).rFI4P(K)
JNA:(M-J)*(I-t)/?4J
Tf(I.EQ.J) 00 TO r,8o
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40j (,6o K=1.J

6;dA SUM=StjM+A(K1K).J'EHPCK)
Islip CONI INUE

4( IND) =SUNI
'6911 CON]I NOE
C END OF STEP 6

C STEP 7
r 0RH((L)1NV1-RSF)*KU

r KU IS IN CORP
f RLAII IN L 1:0h 1JMN 9Y COLUMN AND CALCULATE ((L) INVEHS.qI)*KU

RO~W RY ROW
c ChLCUI.ATE THE FIRST ROW

REWIND NTAPI:
REAII(NTAPEI TFNP(i
410 /ill J=I N

r NOW CALCIILAIF THE REST OF THE ROWS
I NP:N
no /99 I~j.N
READ; (NTAPF) (TEMP(JJ).JJ=11I)
00 /99 J=I.N
TNn=IND.1
.jJ= I-i-ll
S Um = 1) .PJ
1)0 /'1 KzI.JJ)

r STIVP 7 IS COMPLETE
C. f t f t f t * C f t f * t f t f t f t f t * f f t f t* f t f t f t f

r STE-P 8
r DFIFRMINI: FIGFNVALUES AND EIGENVECIONS OF THI: NI-W 'HAIRIX
c CHANGE THE SIGN OF A IN ORD)ER TO tiRT7AIN TH4F SMALLEsT
r rFICI-NYALUE FIRST

GAlIL tIGMAT(A,VAILU.TE-MP,R,C,,D,,IflUM,N,NFIII',NVFC.MTAPb)
r CHANGE VALIJ RACK

Dl) bi) I=I.NFICr

C STEP 8 1S COMPIFTF

r S;TFP '

r CHANGE: FIGENVPC70JRS H~ACK
r HF.An u INTO (:nORF RY ROWS
c PrFAI IJNCHANf;H1 FIGfENVECTORS INTO CORLE ONE: AT A TIME
r CHANGF ANI) PRINT EIGENVECTORS

fi(NVEC.F0.l1) rO TO 901,11
WR I I E(00J. lii
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PEW4IJ ITAPE *
R1'AW(TAPE) CMI).I=1,NMAX)
REWIND MIAP-
nlo (j9 jj=,0VFC

IN11=0

no) 914 Ii.N

1Np=INp*1
9 Q SIiM=SIJM.A( INf)*FFmPCJ)
91.1) TFmp(I)=SUM

r 46RMALIZE F'HF FIGIENVECTUR

flU 939 I='. N
1?(AS(SUMfl-AS(TEMP( II))) 9.iJO939.939

Q.%A SUM=T1EMP( I)
93Q CONTINUE

JF(SUM) 94'-,0 4/,Q 4 1
Q4 11 CON II NE

flU 941 I[= #4
TI MP(II)=TFMPUII)/SUM4

9',1 CONlIN1JE
047 r ON II NJ

r ST-P 9 IS GCiMPIFTE

4 1) it FOlRMAT (1H#fCH .I EGENVFCTOR NUMdEkI5/J!;iX.1/H COHRIhSPONO)INU III
1 IPF il. ?/ (IN 1 P61 E1 )./ ) )

C1ial r(JRmAT(IHI-.0iX.4I4H&:IRI ARI THE EIGE-NVALUFS At LUtFNVt:CIORS

400~, FORtPAT(1H1.v4X,?7HTIE MASS MATRIX IS SINGULAR I'
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f 1 OHTIAN IJ1*CK
rRIGMAT
C PROG.AIJIHORS M.1LSON ANDI H.E.FUNDERLIG.UENTHAL IJhTA PROVFsSjNus4a L.&' b

SI1RROUTINk HIGMAT(A,VALIJ,VALL,UPPERD,D!AGV,T, 1NTIR,NN.NE1G,NVFL,
1'41 APE )

0 1M&NS ION 4 (1)VALU(1)VALLCI UPPFDUI VI Ar. )v)T NN,~
I TNTFR( I
REWIND) RTAPE

N=NN
[f(N.LF.2)OO TO 49
NP1 =N+1
NMI =N-I

H

DO )0 hi'lNMl H

I P,1 +1 8I
no J:IPj.N
I J= I X+J
Si(.MA=SlGMA,.A(lJ)**.,

SfhA=S0RT (SIGMA?)
I I =I X IH

IiPP RD( I)=-SJG'N(SG4A,A( IIPI)) 'I
T(lI .'iSIGMA'
TU(AHS(SJGMAI.GI.ABS(A(IlPl)))lO 10?
IIPPLRIJ([I)=( IIPI) H
4( 1 IPI )=11 .H
GO 10 1.1 13

- (1IPI )=SURT( I.+AHS(A( IIPI ))/SiIMA)b
SOTIAM=-Sl1IN(SIGMA*A(IIIi) ,IPPFRD( I))

00 O J=lPe.N
TJ I X+J
4( T):A( IJ)/SQTGAM H

I I X=JK1
00)) J=IPI .N I
VAIL (J)=OI.
JK=JK I + JI
ni) i K=IPI.J I
I K = I X +KH
VA lI(.)=VALLi.(J).&(JK.)*A(IK)
JK-JKtN-KH
IF(J.EO.N)flO TO 61
CAl I. LOOPI(J.-?.NPI .VALL(J).A(JX).A( tX))
j X.-JX 4 N- J
OR[L(;AM=().
f)o J=IPL.N H
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IJrIxJ
7 GQl GAM=DELGAH+A( jj)*VALL(J)

11O h J=IP1.N

8 T (-I, I)iFVALL(.j)-IGO2* A( IJ)
no '4 fIIN

CAlL 100P2(A(IJX),ACJX),T(NZ-LdTCJI,1)DA(ilI).JtslNPl)

th Ux=X+N-Jl

IPPERD(NNI )=A(t4-1)

1)lAG (NMI )=A (M-9)

ENORMAMAXI(ARS(IAG)+AS(UPPER),AJSDIA())4ABS(UPPFI)(NNI1)
1)( 1 j2,NMI

ENR IMP:ABS( IiIAG( I) AHS( UPPER) ) )*ABS( UPPFR)( i-I) )
11 lFfENRTMP.CT.ENORI:N0R14:ENRTMP '

G~o i? 1=1,NHG

VAL~lC I OR

00 z4 1=1,NF-IG
1l ROOY=,ri.CVALli(I).VALL(-I))

If'(140T.EU.VALL(i).OR.ROOT.EQ.YALlJ(fl)GO TO '
NAC. REEu

PM2=9.

00i ?1* J=1 1 N 8
fF(PMl~.NE.-'.)C TO .J5

14 PM1=SIGN(1.,PMI)
GO 1O 11

15 IH(PM.NE.1-.1 GO TO 17

07 P=PIAG(J).'ROOT-TCJ-I,?)*PM?/PMl

IO PM?=P 14

IF (J.LE.NAGRFE)GO TO 22 i
JF(VALU(J).LF.ROOT)GO TO 13 1
VAI UCJ))ROOT

~2 VALL(J)=ROqO1
?'3 CONTINUE

60 TO 10

122



I f (NVEC.E(JU)GO 1*0 9
FPSLON:IEN0RM*1 .IE-Aj
CtJHPLI=COflPL(l)

DO f'15 J=1 N H,

VW ? . )=D A;. )-A.(

It J.EO.N)UO TO .

i'T(.IJ,)PPR(J)

no0 ?Q J=2,N
IF(ARS(T(J.;e)).LT.1.E1I?)T(J.?)=EPSLON

T T J, -3 ( i H

JF(J.EO.N)CO TO -il
I NTFR C.1) H
JiF' =J+i H4riF(ABS(T(JPI.j)).LE.AHS(TCJ,1)))Oo TO21 .

00 V'7 K=i . '14
Ti:MP=T(JK) 8f

7 T(.JPI,K)=Tl-MP
.14 TMI1LTP= T CJPI .1)1 T Jo1) p

VAj.t(J)=ORIINTFHCJ).AND(TIULTP,COM1PL1))

?Q T(JP1 , 5)=TJPl.3)-TMULTPT(J.))

VNORM=O) W 1
IM0 N3 L=1,N Bi

SVNOHMVNORM+V()**? 8
VNOHM=SORT( VNORM)H
1)0 oe4 J=1 N
Vs V(,I)V (J) /VNORM
IHJTER.EJ.?iGO TO 5'A

1. 14 1 -
TRY=VALL(LMJ)
I F( AND (TRY -I .EIJ.) 00 T0 35
VTEHP:V(LM )14

V(1 )=VTEMPH
V' ( L V (L-VA LL(LM,)V(I M1)
G~O To 31 b
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noU .)7 KK=I.N4MP
I IPI=N-KK

r,411. LOOPJ(IJTV.A(IIX).V(NZ),.IIpt4i.Np1) I
CALL LOOP4(A( IIX),VCNZ),NPI I IPI+I .UTV)

4l IRIIE(MHTAPF) VINDIHL)

END
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IFORTRAN IGK

SURR1tiOUT IN 2 L OOP i(JPk .NPJ,,SGAMPJ, AJX A I X)

flU I L::.JPt NP.f l

S(;AMPJ=SGAMP.IoAJX(L)*AIX(L)

FNIi

FORTRAN OJf;K

SURAOtITINE LOIOP'U(AIIX.,I, II/.UTV) N~l

91MESIONaJI~l),IX(),S~~Ifi), J =I I* P
II X J )A I (I)A l * ( J -S * f ( J
Ii TR
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APPMNIX C

Program PLUENC FLOW C ART
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I,

*1

MAIN PRORM FLUENC-tFOR GENCRATINS STSFNES$rLEXIOILITY AN MASS

NATRiCEs raON PLANE GAID $CAN ANo TRIAN;. PLATE ELEMENTS

0 9 r NS a ONE C v A I I AI L tS

SV OL STORAGES SYMBOL STORAGE$ SYBNOL STORASCS SYNOL STORACES SYNIOL STORA$es

TIILC 24 TH Is fit Is 69 to CC$ to

so Me so N1 SO NS

Hi S O Nt SO MS SO NOSC S €c$ *

SIM 6,0 3 N M5,4 PLIK I's PLI14 3,9 SSTF listSi

IN 1132S RSMASS 30.A(I 25),VA LUVt TEMP So I I*

C oo CUES %sO r I0,s |CjM4 so JNASS 50
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MAIN PROCRAN PASEI-

IRAWETR TO SUBROUTINE INS? JICI

- _____

i--(.RCAC (I0, 1000) T ITLC )Y
7

T.... 1 V.NE.O.~ a RANSFER TO SUCROUJINE miC C N

_______ EXIT REWINO RWH

Ic c cC - w IC CI t soo,

,FCA(H,0O)NJTHRNI3C.N*HFCOC.MXCT,NLUNF w ? R C IOVT, S001h.'d504R, ONL. db)01E.iE7.nuL

I~ REFCAT TO 10

REP I It

NO

I-

ACAC I IN.1002) YM(I) Fr(il ,CII),DENSI GECG(1)NI)C.(..RI)

VHI:TII1.6 C(I)-cCIIIEI.6 WRTE--- R~I TEOUT, 50021(1 *T1(I) ,FRiI) ,OE(I) ,CEH$ (;121IAA1

REFET 1 Zie. 1IN
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AA

ou R.'u-~EPEAT TO It

WAREOUlE03 WRITE. 1WRITCOUT,SOO4)(M.Z(NI.1(M),Nz1,HJTSI FORt

___________4 3 1, -~.. ,NJ s

R NI

OU ACF CAT TO It
NZ()Nit(): Cl.E. -3b RIT(OUTsaas? roR

o To

HR I(J I1)-"0
- jR C AC > ( J I m a WRITE WRITCfOUT,3DG?)JT.HI,M2.MS3 CONTINU

TRANiSFER TO SUOROUTINC ERFA Os

ConTimuc OOC WRITE > - WRITClOUT.s$DZ) FOR
2q,NRZtNR3,41,H2N.NjSNEU,4CF

A- ___________-_________________________________

__U MaIT __

U__ r ~ ~ r5~sIN(3 CNIU

ouWl .-- --1-RPATT S

"\u INEET OI
RITE WRT(UTStIJASIT,,RSNASSOM 'N) s CONTINUT1 E COLIUEC. READ
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MAIM( PROCRAN

i
: A ,. 0R 0 )CPAT TO 14

WBZTC -. WAuC FOR I

_________ URI11£(OUT, SOOS)NN4kAR, XI,TJ HAT.J, ~~j II

01) NOSC(I)ZH3CJTNII)
WRITE NOIC (2) 142 CJTHR)N I.-) :AIT

i3 O tO---

---- --- -,ICE .

L~QR COTNURAm5VCR 
TO SUCROUTItiC

i R~ sC I 
IRA$__

TR NW R T UCA IN REFEAT TO 15 ___ ___ 
A 1

SCA FOR "~OscIKJ.CO.o f rl

TLHIN,C..IJS'CS 
Fl:2,* *1 _____ 9J) H1..

to0 I
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MAIN ?ROgRAN PACK

GOEA TO0I

RWRIJC(OU)FT .M T, OI T, MAT, RTI T , T , X, 1 O , X ETADIS~4~ 1

TC
[C C -0?SITNT.~sJ~~~s~Ijxsto.

R( 0S OUTINE REPEAHAT, T T0,'ICYB Ni*4)N(J2

1#SC)-ZJI 1316=N(T 1 H3~l= T
:1. 0C3)N(T)N5C?-N(T3 O , 3



MlAIN PROCRAN AC

~L~2 t:0
To 

$0 o 
Go t

is RMCAT TO to

M1 CONTIM c CONTINUE CONTINUC FORIUC -

,dC(2NC*(-I*(#NF-1I/ WRITE WRITc(NoI5C)(SSTF(J)*i:N$9 C) - CWNT

FO u~.(] NAVKO. 
>B.4 O

[4 RCA TOCSC ARIX ,V12AT 1TR R*TFR, TOO23 to

XI :X( mx tN) ZT (JTFR)

TNAHFCR O SBNOUINC*-----, RANFER O SBROUINEREFCAT TO 2N
TRANS ROCNNTI CANN roll
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"AIX FR06RAN PAICE

corI TOjto0T0

Ii

YE YE
REEAOs

10

4(rCA1 TO 26 !.RCAC(1OISC)rTH.NATi.JJT2.JT),(I4OSC(tz1,6)

I 41:.I1....NP REAC SX22X(JT2)

JT)TAMrATO 3UBROJTNCE X1zCCS(2)e(X(JTS)-Sx1)-Ccs(1,i).sv-Gy
8Y: J2 RNFRTRANS TS:CC S( i6I(X J T ) -0X tCC S ( ) 6 1Y(J13 il

~ L~f5QT((XZSI)*1~IVII 2 ) xI'sx2.8Shl8flvZ,2,CCS PRHO:OECN3(HAT)

C TASrATO UBROUTINE REFEA'To ty 
ACAT to t6

P L ATEN ro OCKoE. e--W03C

II
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TET

FON RORI HNPACC) N H)c

COTINUC CONlTlNU! COMTINUvc N:NS ) IX)C

I NH2M:N(NN) is$ REPEAT TO ki
I S:2.N.(NNI.E.NrNNI)Z CONTINUE root N:*I(1-)QZH .I)/

SM(MS):sk(NS)*RSNASSgNNN) ~N2Nr(-i(4o-)l

TRANSFER TO SUBROUTINE

A. VALU, icNp.61 c,CuN3,r, IOuN4IC, Jsic.Iei5c,Ncisc,moisc,I4or,NmocC8 Nmocc,NRc
CU, NONASS
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OCANK PLkPE SAID DEAN ELEMENT sTIVNtst mait x jin ssWiTm cocnes.

rL -lZI LCO41if

V YOUNGIS NOCULVS

4 * a NCULUSO(W RIGVh1V

1 x AREA MOIGENT Of INE911A

yj retilir TORSIONAL NO4.ENT Or INERTIA

STIM sTNirNes MATRIXI

c& g cIRCTION coll"aeC

I SI'80 TOAOS 5481 STORAES SyMBOL STORAGES SIMOOL STORAGES 37NSOL STORA11 SMO TAGES$

I ~SUOROOTINC SAtIL,.,IVNSC PAtt'

121F 7  
.IG:)-12..Z1/frL*rVU $TNIt)4o3.ltZ2I.CSI).DSIR

1-4W

~ fM,.11STISI~ EPEAT to IS RCai* TO so i

-)~ol foll,)'TNS N, a1 ~ TI*)ITLTf.-...
() s 1- I, )z I -m() 5)t
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J,

INMTK

TIS1 SUBOUTINE DETERMINE$ THE O0UDLt INTEGRAL MATRIX FOR

THE TRIANGULAR PLATE M MATRIX - FRZEMIENIECRI, PACE S04

YtRS,YS 3 COORS. OF PLATE CORNERS IN LOCAL COORDINATES I,
fRNO a DENSITY

PT : PLATE THICKNESS

P a COUBLE INTCRAL MATRIX

4 N4 10NEI VAR I AI LES

SYMBOL STORAGE SYMBL04. STORAGES SYMBO. STORAGES SYMBOL STORAGS SYMBOL STORAGC
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P (86$ =CBL T T .X I,#VS. 1 3. ) 8 L I T ETZI~S, 1, )I

?t2ISI: CLT2,X,T3, ,) 9)3S3CU8NTTZX3 T3,0,2 P(4S,,6):LNI(2X,34)I *~ P(,?-:CLRNTfYX3,3,,3) I PI411PC.2 A(,)&( .

I P(lt.~Y3&4t):CLN(2XS1g

)P(PS)jOSL1NosV2,xrootFOR

I ~o l J-,) C L N ( 2 I , 3 1 1 P S 3 ~ f L N ( Z 2 , 3 0 3

I~~ ~ ~ 'I( oCLH(?.C~Of UC,3Z(.)P4S

P(?*~):C6LZNTTZ I III3,4,I

________ ,(*4:(?64pS

p(,)p6,4pS5 Li
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A M ATRIX To At INVERTED

U 2 INVERTED NATRz

PNNa ORLMA Or HAT RIX 9.LC.*)'1

0I NgN t I~ VA A I A aLE tI

I~bIUOL STORAGES SIMIOL. SOAC 04 STORAGES STIESOL STORAGE SyMOLRlRAc:
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SUT09J114 NtNYIA,U,N*) PACE

I~ ~ $;A T 001 REFATW9TO uqt.JIa@. I'~l:. coou

I.3 j ~ o ~ o CONINU A(1,t )PS - co z Iuc >

II

- Z~ r ooC t T (,VtlUV,) A J:J) A KJ)

,0ro

GO TOOT

r9007A 
T t 9 1

1391
A



SUSROUTINE NINV(A.UN") PARC

go$REFEAT TO 9033 REPEAT TO 5033 103

ACN.)Z(MJ-A.JCLI COTIUF ORn roft 3CIUIJ) >' ' ____ , .1,. ....N ,v / ,,,. ... ,v-M

~I
l] 101

I
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CISEN,_ Htt* STIFNES NAT*.*a* 50 NiT 1 EU ASMTI

DETEMINS EGINVLUC AN EISMVET~e

£Z~CM SESUCI -'V:FCSTOIOrLET 10F OlVEtXS$ Ic:SMA 1111

Nt illOfCI CENvALU S ]cfc
THESNO O £tNRMAL £ISPAE NT

KASSIs 00,Nlp EIN HRSeWAC F.1)AN

C AL 6 1 ECTOM 9 LV ATI I 6L 1

LNEN3 W-O NUNSER IP AICVLC VALtIia

IVE moo HUIE OPM EIVETR (1

[ NNSSSN. OPNORML DIPLAC14N1



SUBROUTINE FUWAVL~~PSCDN*5 0D~IA~JA~KA~ ASE &

START OUT2STRANSFER TO SUBROUTINE

T U2 EWIND RcleWN TN'NS CI VID

NNASSN#ONASS.NTA,.JTAPC,3 TAPE.A.S

TRIANsErC TO"SUSNO.5TINE TRANsERc TO SUBROUTINE
2ROMAX DIVIO

Apt @C tUNS.NASS#NONASS I TAPE, JTAfC.NTAPtCETAP9 \MANNAS5,#NTAPE.JTAFE,ITAPC0 A,I

TRANSrERt To SUBROUTINE NT o

L ( ZO*AN CONTINUE REWIND REWIND

AS.CCuNSNHASS.N~oNASS.ITAFC,JTAPC,NTAFE,FKTAPE

REPEAT TO 550

L gTRANSFER TO SUBROUTINE REETTO50
CTINUr YITNIWIEIM UIS3 FOR

A.NEcvU - 2,9I..NREt

roeu
Iza~WRITE..oleo W-41 I-E,0 U1 -5 1 2 --1( I , 1i --4 1I

RCPCAFTO 990
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SUBROUTINE 9lE16CNA,VALV, TCXP-#S,C,lU1I3,C*1DUW4.1ITAPE, JTAPtaATAPE, PAGE2

-~ ~ REPEAT TO $509

11.90. roll lU(*.J1,tiJ)2I.)(RbI(J)%A(NU) CON4T1NUC

REPEAPTA to 0011SSI

PvHC"Solol.IS(JlIzl.NRrcIj) CONTINUE ICAD EAOINTAPC1LAjl)I).tUS.NX) ifo

60t12 REPEAT TO $50

Ag1~AI~321FWR. ITE WRITE(OUT.5SSFol

HS2~~~s11ls. I .N(IEPcUtico-WEO

-f i:3ANU1S I F 3 REEA TEoA TO 55

CONTINUE , OR

B 
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SSIS I

NTNT HT
ONTINUE REWIND REAS ECNAE(AI,3.IN REWIND CONTINUE

TRANMAE TO suSIo4JTNI 10 EPEATI Tso6
CIGNAT CONTINUE lot

ITCP,AVALUgeTSC,~lCsU"S.E.ICII4,TAPTAFE.JTAPC,ITAFE.NEIg.NVECCI111..NI

04a OU

WRII~tOT.90O3HCWRSTCIIZIN16) II
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CootoN 5IN A 00O49. NO. 16 EACH SE OF F1194001 At C4C% JOINT

NI.X41,11AS a AIAil CONTAINING AtSTRAIN? INFO. r04 EACH 996IEC

or P1(1001t AT WKC JOINT (rates, CLA"PCSullf NI.NvNS x C0041. NO. rod CACW offact or 91(1501 (NONAL

0ISPLACENENTS AMC NVNtGCIC FINGS)

NJi a Nor of JOINTS

MOMS g o. OF MAHNAL 0ISPLACCNTS

Help TOTAL NO. Or ars11c 0, OFCSO atm ICLUDIIG IOTATIONS)

a 1"m 9 6 1.04 I v A a a A I t 9 0

STIOL STOQAQC YHOt&OAC SYN OOC.S y"0 *OASCS $VNOL STOACCt S YINIO STONASCI

Ilis Not so NAS Iso W of 01 is

inso

SUIROITINC OINNINtNININSJSNCUNF PAGE I

1s T 45
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"LINT I
TIS ts 3OUllIN EA&ICS tt~ 44LC NTEvSIALS APPEAS4is$ IN THE

14V41lolSI ?0O A L*9 N F04 iTH 141AMSULAt ftA1l CLCSTj

'?l~r C000%. -W PLATC CONVECAS IN LOCAL COO0AIS

"MC ~Ofa tr Afeg T USCMs C PAI ICNICCAI. pa69 305

s~~~ ~ ~ 1j

MI~t. SOAWS *?NSOO. STO44CSSCIRS1004 STOAR,) symoo. MTOAWS SINIOL STORA5C

as S I1P S1ps
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Vv*kT1OW DILINI 411ts 2101#161) PAIC

41

44

SO itTOTO

Al 812-1.0ACT t0 10 fRANSFER TO susR@4Jtim REPEAT to IS

93 CO~iUE418)1)M41 O

PLM NIZ1FCONTINUE CONTINUE1F m l6 el coT 3 F* -51

"at 1,StNPZ.Nt

TRANSFER TO SUBROUTINE EFRc 
tu

C O TI
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THSS SUSKOUTI~tWC ?RMINEZ vaq rLCXVRAL R361011 MATRIX IN

TR1ANSLE LOCAL C00OUINATE&

tX.cY.,CXV.SCT 2 rLEXIJRAL 1161011YTEN IC4 NO ANCLE OF MATERIAL

PRINCIPAL AaC3 W/O TRIANML LOCAL AXE&

0 F LEXURAL R1610111 MATRIX IN TRIANCLE LOCAL COO4QS.

0 I N cN s t NS t WVAA I A 9L 9S

SINSLo. STOAIS SYNIO. SIONACS tyke"l STORAME SVNO ATONAGE SYMBOL. STORAGES

SIROUTINE CAl,5,tCYSAS PAGEI

START t2.*SINlSCIA)*COSIBCTA)l-- T312sIM(sCIA)cCOSIBETA) ZIzETiOiTt ZSbi)iScs

Ol.1Ti*Z ITictiTilcS Oq2.3zltczTalulctUTTczf O(,SS13iOtlXTS* st

I321YI1
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194"s TRiNSrORAMON 0IRECTION 90SINCI

xI.?I a Cooke$. Of POINT I

xt ,Ya CooW. Of POINT I

FL V ISTAMCC ItTWECN POINTS I AND t

ocs DIRCION COSINCS Of VZCTOA f40H POINT I To POIMT 2

SYMBOL. STOAGES SYMBOL STORASES SYMBOL. STORAcEs SYMBOL STORAOES SYMBOL STORACCS

SUIRIUTINC TRANSIXIIRSyllVIPLDCS) PA~t t

ISO



THIS8 Sulaou5thC *EICRNIN(S Tilt DOVULC INT(GRAL NATAIX FOR

- - ~tM CluATION roK tINC TRIAHIULAR PLATE CLCMCI

VlIXS,VS 4 COORDS. Of PLA~T CORMES IN LOCAL COMRINATES

OI~a.O1OXISCI : LCKURAL AIGISITY TtANA AND AN4L? Of WATERIAL

PRINCIPAL AXES W10 IRIAN4LC LOCAL AXCS

I P 3 OILE INTESR1AL NATR3K

ST1400L ST::AWS SymbolCwM:f : Ia: t STORAM YICI"A9 SYNOL ATORA GESL 74AC
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REPEATIN toA~2XT,~O,).XCAP t to

* A T 10 0P At TO so 
TRAN 4SFER TO 3UBROUTINE

FOR OR (I ) -li.ONA T

-Et I -F' p(,):2.N11)

Ii AS-CBLINT(Vt X3 T3 0 0) Aix68LINT(ll.X,R3S,0,2 P(4,6)=4.4C(12)*A1

At:05LlNT (TZ.X3.TS,1 .01 A$2CSLIHT(Yt.X3,V3,lsl)

I p (5,5) :4..0#A(3, 3c)S( 1 ES9)I.* (, ) 3- 2z=)d

jc; izf~ ... It,9 u~
O PU, 1)26:C~,)A
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N&I

CHAT

TINtS 1SJROUTtNC FORMS THE C MATRIX RELAVINS THE CORNER

OISPLACEMENT8 TO THE POLYNOMIAL ttFLtCTIOM COCFPICITS

fOR THE TRIANGOLAR PLAT CLEMENT

Tt.X3,Y3 COOROS Of PLATE CORNEAS IN LOCAL COOROINATES

C C HATRIX

II NES Z ONES V A I ASI.

SYMBOL STORAGE$ SYMSOL SIOA SEs SYNSOL STORASES SYNIOL STORAGES SYNGOL SVORA&tl

C

I 15

I
1 153

-!



SUBRO'.#JNE CMAT411,X3,TS,C) pAgt I

-It~tA' TO o RFEATjo o t

L__C(::Z),::Xt.y jCI::S)2t.C(3IS.$33
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TH IS ROU N CI IE THE ASTIN S ARXO

SYMBOL STOASSESV SYBO IOA C048 OfPECNRS INSL 1RA~ LOCAL CO ORTSOC YBL SOAC

9,9. STIFF 9's incs a
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SUBROUTINE PLTkT.STxt,1,R ST~~,~~PACE

TRANSFER To SUBROUTINE TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE

TRASFE ioREPEAT TO 10 REPEAT TO 10 IZI.:CINV(2,i)101

NAINP FOR NTIFOR CONTIvtI
PCINVR.S V( I oNiZu]..

L TRAmSFER TO SUS OUT I ~ EPA O40FAO 40 T(t44)=I.

-- T SUBOUTIE IT(2,)CCS(Z2

! T3.,3):CS(21 TISB)=0CS(2) IT32 C5 iTRNF T(S,3)zeCStI)
T(S.5):CCS(I T4Z.31.-CCSII) T(,)OS NTpy TIS,)0DCS(I

J 8 $ = S Z T ( S , 6 1 -C C S ( I ) T , O C S 1 :S T I F F , , s j T ( 3 e, i : .C S I ) I

T(,3?-CSI) TRANSFER TO SUBROUTINE E

- 4 5)- 0C- t ___) T 5 __ _ _

_ 

KE
(1 ATP



PLATEN

TNIS SUIROUTINE DCTERINES THC NASS MATRIX Or A

TRIANLE PLATE ELEMENT IN SYSTEM COOROS.

YtZxS.TS C COOROS. Or PLATE CORNERS IN LOCAL COOROINATES

PRNO a DENSITY

PTN : PLATE TNICINEIS

CC$ a OIRECTIOW (OtiNeS

PLIN M MASS MATRIX

SI HEN |ONE | VAR-! £SL~a

SVmbOL STORAGES SYMBOL STORASGS SYMBOL STORAGs SYMBOL STORASES SYMBOL STORASCI

PLT M 9o, C o' CINv 9,0 P '

T 1 rHASS S, CC&
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TRANSFER TosSBROUTINE TRANSFER TO SUIROUiTINC TAN3Vrx TO SUBROUT)NI
SATCHAT "IY IN01MXTA

Ya,x3S?3,c CCN. TR,13.T3,pRHo,pTN,P

TRANSFER TO SUBRtOUTINE RCFEAT TO 10 RCPCAT TO I* Z?1:CRNV(1.ij1  II
MAIHrot FOR- omzzzCINVIJgt)l i ;~CNIU

RACTOsSoTN REPEAT TO 400 RCFEAT TO 400 oI I27
MAINF? 7CR FOR TTI,JuZ0. ~ T44:. __

ci~v.a,rNASS,1 t~.... (*1:.

ANSFE TO UBROTINE T 12 ):CCIIt?

T(S.5)OCS(2)TRAN)ZSFR TO SBO TNE zC(~ AMVRTOSBoTHC I~ c
HA,3:CII M,)PC(3MANT5,)CSI

___ [~Sj S~jjM~~.~9 LLZ~~c~iI
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I $[ANN PLANE GAID O[AN ELEMENT MASS 4ARIRX IN SYSTEM COa0$9S

FL * GUN SNGIN

A clOI sECliONAL AREA

X| z AREA NONIN OF INERTIA

XJ FVFECTIVE TOSIONAL MOMENT 0 INERTIA

1NM & MASS MATRIX

CO CIRCCTION COSINES

0 t EN I V TA I A IL C

SYMBOL IOU[SAS T SYN 31RASES IMO. STOASE$ SYMOL STORASE SYMBOL STORAACs

oNN CC$ t
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SISfOUTtNC ICAItIftVLAHOtA ell #J isHmoCs) PACE

p----ZY/t A

SNMIZ.23:AA*OCS(2)*CCS(2)*TT*CCSI)*0CS(1) SN(4,1):Rg
L ! ~ IN (12 , M13 CC *CCS (23)

$H1(3,I)=-CCoCS(I) SH42:G052

sNN(.,4,:SNN(8,1) IN

a SNN,2I:5.CC(Z).CS(2.PPCS(1*0CS1) I I(,2)2NNM(5,3)

I SN(, SS0C(1*0S()*P*CS2)0C () CFEAT TO 10 REPEAT TO 10

5NM(5, 5

FO C- E O
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"%No. Or OiNAL DISFL*CCEMTS

MW0. Of ROTATIONAL D.O.

NTPE-COWAINS STR?9EcSI 104 MASS) MATRIX

MTFE-Kit (N11) $TOO[#

A- C)4M STOAGC ITPE-al' (Nit) STORED

A' URM SOOM CCTOltLAACCA Or(N('1 04 MN41q~)/2)

*:M 1 0owm VAR A LtI

SYMBOL SIORAICS SYMBOL. STORA$C IVNUO STO098 STNIOL STORACS SYMBOL STOMtAsts
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SUIROUTIMEC IVIC MWNp,~p.tCAS 
PA4C

ST R 1 T TREPEAT TO t 0o_ __

REWIND1 -X REWAXN*(N.1WIN rot

H EE I CN O 2,.,..,

AAr" 1C0110

JCNTJCNTl a JcNT -.8(J)WRITE WA I t (HTPE)104JIJ H

L CONTINUC W ITE ~IZ

Re CAT TO 50
FOR II:N.ICT RA RA INTZICMffjJ1,I FOR 1:C: -

2:1,.1, No ICAC RETPEATr, TO,.1. .

=, --I I-- 5 -
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I IS A eUNMT VICTOR lTN STORAE N O N (LJAllSE)

A IS A CUMMY VECTOR WdIN SIONA6E 11*0492).J 0R XofN#tl/t ILAR61E,4

1 It A OUNNk VICTOR WINIT STORASCE O N ILAASE?)

NO. Or NORMAL OISPLACNEMNTS

NINO. OF IOTAJONAL D.O.F.

NTPE CONTA|NI Stl MATRIX

NilE CONTAINS KIS NATRIX

1TPr SCRATCH TAPE

RiPe STORES KI24*AIlo(-11

A INiTIALLY CONTAINS U2 INVERS

*ee RCDUCES STIFrrC&I MATRIX 1IS S1TCO ON WIPE

M SI OM1S VAR I IBL I

SINSoL 1TORAGES SYMBO. STORAGES SYMBOL STORAGES SYMBOL STORAGES SYMBOL STORAGES

I, C I 
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SUBROUTINE ZOA(~,.., 1 TEMP, ~,Tc AC 1-

TRANSrER TO SUIROYTIME NT IT HT K
STR YNMAEWINO REWIND REWIND REWIND MNAXN(bI.1)i2

REPEAT TO 10 RIREAD TOTP IS(a I I J
READ REACNTP JR .2I1.N

[ _ _ _ _ _ _ _ E- 

-1- . 4

REPEAT O 20 25J- REIEAT TO 30 .~.

FOR NT:CN?1 CJ)S(ICTI A-H rOR Jj.EQ.OI0L

ITo- 1 REEA 1os r s

REIEA KO* RPA 01
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THIS SUIROUIIMC FINDS THE EIENfALUES AND tIgENVECTORS fOR

SYNNETRIC MASS AND ST'FrUJES$ MATRICES.

THE ARGUMENTS AX--

N- ORDER Of MATX;CES.

A- DUMMY VECTO4 WITH DIMENSION IN MAIN PROGRAm or Ns(N.I)/t

VALU- SIORAcE FrO CIGENVALUES MUST It DIMENSIONED IN THE MAIN

PROGRAM AS A VECTOR Or LENGTH NE14.

TEMP,8 1 CD.- DUMMY VECTORS WITH cIMCNSION OF m IN MAIN PROGRAM.

E- DUMMY ARRAY WITN DIMENSIONS OF (NS) IN MAIN PROGRAM.

IDUH- DUMY INTEGER VECTOR WITH DIMENSION OF m I MAIN PROGRAM. I
MTAPE- TAPE U4EAE STIffNrSS MATRIX IS STORED IN COMPACT fORM.

N7AFE- TAPE WHERE MASS MATRIX Is STORE IN COMPACT FORM.
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Symbol List

Listed below by their FORTRAN names are some of the input quantities

to the program and their equivalent names in Section 3.0.

Input Quantity Symbol in Section 3.0

YM E

PR -

GE A
DENS P

x x

Y Y

RSMASS M.

AR A

XI I

YJ J

PTH t

DX Dx

DY D
Y

D D1

DXY Dxy

BETA 13
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